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THE PROBLEM AND A SUMMARY
OF THE FINDINGS

By Wesley C. Mitchell

SlNCE its beginning in 1920 the National Bureau of Eco-

nomic Research has been exploring the wide and intricate

realm of social changes. One set of its reports starts with im-

portant factors in economic life, such as national income,

unemployment, migrations, or prices, and shows how these

factors fluctuate through time. A second set of reports starts

with significant periods in American history and shows how
different economic factors have fluctuated within them. Re-

cent Economic Changes and Dr. Mills' Economic Tendencies

are examples of this approach. A third set of 'reports starts

with recognized types of economic fluctuation and shows

what forms they assume in different economic activities. Here

belong the National Bureau's several volumes upon business

cycles, Dr. Kuznets' study of seasonal variations and the

present study of secular trends by Dr. Burns.

Each of these approaches to the study of social changes has

its special uses and its limitations. Each has also its established

place in men's efforts to understand their shifting economic
fortunes. We are prone to identify the third approach with

'time-series analysis* and to think of it as a twentieth-century

development. Certainly it has gained much in precision and
effectiveness since 1900. But the current classification of

economic changes runs back at least to the times of the

classical economists, when 'commercial cycles' were recog-

nized, when Ricardo speculated about the long-time trends

of wages, rents and profits, when writers upon finance began

discussing seasonal variations and when every economist ab-

xi



xii PRODUCTION TRENDS

stracted from 'disturbing circumstances' for the same reason

that analytic statisticians now seek to eliminate random per-

turbations. Indeed, we can borrow from John Stuart Mill's

Principles of Political Economy a sweeping statement of the

general problem, one phase of which is treated in the present
volume.

"Production (wrote Mill) is not a fixed, but an increasing

thing. When not kept back by bad institutions, or a low state

of the arts of life, the produce of industry has usually tended

to increase; stimulated not only by the desire of the producers
to augment their means of consumption, but by the increas-

ing number of the consumers. Nothing in political economy
can be of more importance than to ascertain the law of this

increase of production; the conditions to which it is subject:

whether it has practically any limits, and what these are.

There is also no subject in political economy which is popu-

larly less understood, or on which the errors committed are

of a character to produce, and do produce, greater mischief." *

Dr. Burns does not undertake 'to ascertain the law of in-

crease of production' at large. His aim is more restricted, but

more attainable. He studies the widely varying rates at which

many American industries have grown from decade to decade

since the 1870*5, and seeks to ascertain what general features

have characterized this sample of increase in production.

An investigator who essays such a task should begin by

subjecting his materials to a rigid inspection and by provid-

ing himself with proper tools. The materials are statistical

data; the tools are scientific concepts and mathematical pro-

cedures. Accordingly Dr. Burns devotes his first two chapters

to formulating the basic concepts of 'production' and 'secular

trend', describing the production series and methods of anal-

t Book I, chapter X, section i, p. 155 of Sir William J. Ashley's edition.
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ysis employed, and discussing the relations of the concepts
to the data and technique.
The gentle reader who lends easy credit to any confident

author and wishes quick repayment in definite information

may feel impatient with the meticulous care lavished upon
these preliminaries. But scientific work requires an investi-

gator to know precisely what he is studying, to test his ma-

terials, to scrutinize his methods, and to make sure that con-

cepts, materials and methods fit one another. Scientific work

requires also that an investigator expose all his concepts,

materials and methods to the critical scrutiny of his fellows.

It is only by following these honest rules that progress in

understanding can be achieved. On the other hand, it is not

every reader's duty to share personally in assaying the metal

of economic results. To those who will take much on faith

the following summary of Dr. Burns' chapters may be help-

ful in showing what they wish to 'skip' and what they wish

to read.

The production studied is the physical output of com-

modities and services as shown by annual statistics in the

United States since the years 1870-85. One hundred and four

series are used, 20 for agriculture, 3 for fisheries, 22 for min-

ing, 45 for manufacturing, 2 for construction, 7 for transpor-

tation and 5 for trade. It is estimated that about two-fifths

of the country's total production is covered by these series in

1925. Though the original data are subject to various defects,

they constitute a sample sufficiently representative and re-

liable to justify analysjs.

By 'secular trends' Dr. Burns means economic movements

of longer duration than business cycles. He believes that such

trends express the relatively long-run effects of forces making
for change, and that they are economic realities as fit for
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systematic study as are the shorter cycles in business activity

to which so much attention is given.

To measure production trends, he breaks each of his series

into overlapping eleven-year segments (1870-80, 1875-85,

1880-90 and so on), adjusts these standard periods so that

the end years in each segment of each series represent ap-

proximately the same phase of a cycle in production, fits ex-

ponential curves to the successive segments by the method of

moments, and finally computes the average rate of growth

during each segment. Thus Dr. Burns describes the trend of

a series, not in the usual fashion by fitting a single curve to

all the years covered by the data, but by using a number of

curves fitted to brief periods with centers five years apart.

In this way he is able to give a more faithful picture of the

secular movements in production than if he had relied upon
the customary technique.
As one would expect, the 'decade rates of growth' yielded

by this method show changes of pace. 'Increase in produc-
tion' is by no means regular even over periods long enough
to include two or three business cycles. To take proper ac-

count of this fact, Dr. Burns elaborates his first concept of

secular trend.
"
Lines of secular trend trace out paths more

or less undulatory and also have an underlying general sweep;
both types of movement are of interest and significance."

The general sweep of the secular trends of a series is called

its 'primary trend'.

The first use to which Dr. Burns puts his measurements

in Chapter III is to make broad comparisons among the rates

of growth in different branches of industry. For this purpose
he reduces the several decade rates computed for each series

to a single arithmetic mean. The figures show that "mining
has grown at a spectacular rate, manufacture at a somewhat

lower rate, and agriculture at a decidedly lower rate." The
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fisheries have declined in relative importance, while trans-

portation and trade have gained. In general, the output of

producers' goods has grown faster than the output of con-

sumers' goods. When smaller divisions of production are

considered, the most rapid growth is found among relatively

new industries such as beet sugar, raisins, sulphur, Portland

cement, aluminum and cigarettes, while the slowest growth
is found among relatively old industries such as cane sugar,

whaling, mercury, non-Portland cements and roofing slate.

Turning back from his general averages to the rates of

growth for successive decades, Dr. Burns next shows that not

a single industry in his list has grown at a constant rate.

More than half of the 'basic' industries have undergone a

shrinkage in at least one of the eleven-year periods. As mea-

sured by the differences between the decade rates, fisheries has

had the least variable increase and sulphur the most variable.

These extreme differences in the variability of the decade

rates lie far apart (under 3 and over 100 per cent). About

half of the series show ranges of more than 1 1 per cent be-

tween their slowest and their fastest rates of growth. Thus

inconstancy of rate has been a universal characteristic of in-

dustrial expansion in the United States so far as our knowledge

goes. Yet amidst the maze of variations one element of order

stands out boldly: the rates of growth tend to decline as the

decades pass.

This significant fact of retardation in industrial expansion
is the theme of Chapter IV. From exponential curves fitted

to the decade rates, Dr. Burns derives constants which mea-

sure retardation or acceleration in growth as shown by his

data. To give an example of these measures: he finds the re-

tardation in the growth of pig-iron production to be 1.2 per
cent per decade; that is, the annual rate of growth at any

given time averaged .988 of the annual rate of growth ten
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years earlier. Of the 104 continuous series analyzed, 92 show

retardation; of 43 supplementary discontinuous series, 38
show retardation. In most series the rates of retardation are ap-

preciable. The exceptions to the rule are mainly industries of

secondary importance. Careful measurements thus bear out

the first impression: retardation is a prevailing characteristic

of industrial growth. To what is it due?

The gist of Dr. Burns' answer is that rapid growth in gen-

eral production and decline in the rate of growth of individ-

ual industries go together. The latter is as characteristic of a

progressive state as the former. The incessant introduction

of new commodities restricts the increase in the demand for

old commodities. The faster these new industries expand at

first the greater is this restrictive influence, and the harder it

is to sustain their own rates of growth for long. Doubling out-

put each year may be feasible when a novel product wins

favor; but a continuation of that rate of growth for a genera-

tion or two would mean the marketing of impossible quan-
tities. Changes in methods also lead to retardation. For ex-

ample: "The increasing replacement of farm work animals

by automobiles and tractors has resulted in a rapid retarda-

tion in the production of horses and mules, has tended to

retard the lumber industry, and has released millions of acres

of crop land which means that the increasing mechanization

of agriculture has contributed to the retarded growth of cer-

tain of its branches, especially the production of oats and

hay." Similarly, the coal industry is suffering from improved
methods of combustion in railway locomotives and electric

power plants. Reclamation of raw materials checks the in-

crease in the demand for fresh production: between 1907 and

1929 the smelter output of primary copper increased at the

rate of 2.5 per cent annually, that of secondary copper by 7.5

per cent. Further, new products and new processes exert a

retarding influence upon other parts of the system by attract-
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ing to themselves portions of the capital, labor and materials

which might have been used to sustain the growth of older

industries. Perhaps the innovations augment the growth of

capital; but they have not prevented a retardation in the

growth of population, and they have contributed toward the

necessity of resorting to inferior natural resources. Invention

tends to offset deterioration in natural resources; but it has

its limits. After Smeaton and Watt had reduced the coal

consumption of steam engines from 30 pounds per horse-

power hour to 9 pounds, no genius could make a further re-

duction of 21 pounds. Fundamental changes in industrial

methods still keep occurring for example, the introduction

of the rotary kiln in making Portland cement, the Frasch

process of mining sulphur, the use of rubber tires on vehicles.

For a time such inventions may accelerate the rate of growth,
but once the reorganization has 'been accomplished retarda-

tion reappears. Finally, industries which experience retarda-

tion are prone to organize in self-defence; in particular they
resort to technical research and more intensive salesmanship.
Insofar as these efforts prosper they increase the pressure

upon all other industries, limiting the expansion of the lat-

ter's markets and so strengthening the forces tending toward

retardation.

There seems no warrant for the common notion that in-

dustries grow until they approximate some maximum size

and then maintain a stationary position indefinitely. No one

of Dr. Burns
1

series shows a broad plateau at the apex; once

an industry has ceased to advance it soon begins to decline.

Several decadent industries appear in the original list of 104

series cod and mackerel fishing, whaling, New York canal

traffic, the production of non-Portland cements and mercury;
several others appear in the supplementary list of 43 series-

hemp raising, the production of maple sugar and walking

plows. To these are added from other lists iron rails, anthra-
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cite pig iron, charcoal pig iron, cut nails and fine cut tobacco.

The decadent industries reveal diverse fortunes, running
all the way from the complete disappearance of iron rails and

anthracite pig iron to the long decline of whaling. New York

canal traffic even shows a notable revival since 1918, when
the elaborate improvements made by the state were com-

pleted. There are some indications of retardation in decline

corresponding to retardation in advance; but the materials do

not justify a generalization.

Dr. Burns concludes his analysis of retardation by hazard-

ing the suggestion that the life histories of industries are be-

coming shorter. A growing share of production is assuming
the form of luxuries, superfluities and style goods; the de-

mand for such products has no such stability as the demand
for staples. Hence an increase in the birth-rate of new prod-
ucts means an increase in the death-rate among old products
and a decline in the average life-span of individual industries.

Even more general than retardation is a second character-

istic of production trends as Dr. Burns measures them the

undulatory movements spoken of above, 'trend-cycles' as

they are called in Chapter V. Since the rate of secular growth
is unstable in all the series analyzed, each series must show

trend-cycles in the sense that it has alternations of more and

less rapid growth. Granted the undulations, that is a matter

of course which excites no interest. But it is a highly signifi-

cant fact that the trend-cycles of different series tend to con-

cur in time with one another.

Economic life in this country since the Civil War has

been pervaded not only by the short-term rhythm of business

cycles but also by a long-term rhythm of accelerated and re-

tarded secular growth. These two rhythms are interconnected.

Each time the national economy has experienced an ex-

ceptionally rapid secular advance, the production trends of
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different industries have diverged so widely as to suggest a

partial loss of balance, and progress has been checked by a

business depression of great severity.

To measure trend-cycles, Dr. Burns takes the successive

rates of growth as plus or minus deviations from their pri-

mary trends. Ranking these deviations for all of his series at

each of the eleven overlapping decades centered on the years

1875, 1880 and so on to 1925, he draws up a table of 'decils'

which shows a high degree of concurrence among the trend

cycles. (See Chart 5, p. 184). On repeating this procedure for

several sub-groups of series, he gets similar results. The fact

that the decil lines commonly rise and fall together indi-

cates the prevalence of common movements among the 104

series. The parallelism of decil lines is most striking in

basic nonagricultural' industries, and becomes nearly perfect
when several dubious series are dropped from this group.

(See Chart 8D, p. 189). The likelihood that these co-move-

ments are due to chance is so remote that we seem bound to

believe that the trend-cycles arise from common causes. But

there is an important exception to the rule of similar move-

ments of the trends. The leading crops trace out patterns of

marked individuality. Few have more than a faint resem-

blance to the general pattern. Trend-cycles seem to be confined

to nonagricultural production. These conclusions, including
that concerning agriculture, reached by a study of individual

series, are confirmed by a similar analysis of the leading in-

dex numbers of production.
Dr. Burns examines the trend-cycles of individual indus-

tries to see how regularly they conform to the general pattern
and to find their relative amplitudes. His results for trend-

cycles agree rather closely with those which the present writer

is obtaining for business cycles. The erratic relationship of

farm production to the fluctuations of general business ac-

tivity appear as clearly in the latter investigation as in this
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one. In both cases most branches of production in which

output is subject to close business control have high indexes

of conformity to the movements of general business. In both

cases again, the precious metals behave erratically, as do va-

rious manufactures of food products. Petroleum is an outlaw.

In amplitude of fluctuation both of trend-cycles and of busi-

ness cycles, crops rank low and mineral products relatively

high. Also, the output of producers' goods undergoes larger

cyclical fluctuations than that of consumers' goods, whether

we take the long cycles or the short ones.

The chronology of the standard trend-cycles may be tabu-

lated as follows:

'General Production' Shows

Exceptionally

Rapid Slow

Growth in Growth in

1875-1885 1885 1895

1895-1905 1905-1915

1910-1920 1915-1925

1920-1929

The overlapping of these periods since 1910 may indicate

that the basic framework of eleven-year periods with centers

separated by five years fits the actual tempo of change in

trends less well in recent times than in the nineteenth cen-

tury.

Concerning the causes of the standard trend-cycle, Dr.

Burns must speak cautiously because his data cover only

part of the economic system. But he brings out one highly

significant fact. During the years when the increase in gen-
eral production has been exceptionally rapid, the decade rates

of growth shown by individual industries have drifted apart

sharply. This 'dispersion* has regularly reached a maximum
when the trend-cycles reached their peaks. On the other
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hand, the decade rates of growth drift closer together when
the increase in general production declines; dispersion falls

to a minimum in the troughs of the trend-cycles. The sug-

gestion is that exceptionally rapid growth disrupts the 'bal-

ance* of the industrial system and so causes grave business

difficulties, while the ensuing retardation of growth restores

the balance and so paves the way for another phase of rapid

growth. But the mechanism of this process and the part

which random influences play in it remain to be worked out.

Business cycles from this viewpoint are short waves super-

imposed upon the long waves of trend-cycles. That there is

a close connection between the two phenomena is suggested

by theoretical analysis and the suggestion gets some support
from chronology. The first peak in the trend-cycle pattern
and in the divergence of production trends occurred in 1875-

85; a severe depression occurred in 1882-85. The second peak
in the trend-cycle comes in 1895-1905. This period of rapid

growth was followed by the severe crisis of 1907. Similarly,

the third peak of 1910-20 was followed by the severe depres-
sion of 1920-21, and the fourth peak of 1920-29 by the severe

depression of 1929-33. In this list the great depression of

1893-94 is conspicuous by its absence, so that we cannot say

that every severe depression has been preceded by the culmi-

nation of a trend-cycle. But we can say that each of the peaks
in trend-cycles within the period covered has been accom-

panied or followed by a severe depression. If the arbitrarily

centered decades of Dr. Burns' scheme were replaced by

periods chosen to fit the problem of trend-cycles, a closer re-

lation might appear between the chronologies of the long
and short waves. Dr. Burns does not profess to settle the

problem in this book; but he does state it in challenging
fashion. Students of business cycles as well as students of

secular trends must take account of his analysis. So, for that

matter, should economic historians at large and the growing
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number of men who are seeking light upon the economic

tendencies of today and tomorrow.

To this point Dr. Burns has dealt primarily with measure-

ments of secular movements in individual industries. Re-

tardation in growth and trend-cycles are found in most of

the one hundred and four series with which the investigation

started; also in most of the supplementary series introduced

for special purposes. Both retardation and trend-cycles in

individual industries indicate an orderly transformation in

the pattern of national production. It remains to examine

the increase in total production.
This task drives Dr. Burns back to a critique of the avail-

able statistics. Several attempts have been made to compile
index numbers representing changes in the total output of

American industry over considerable periods of time. How
far can these indexes be trusted to show whether total pro-

duction has grown at a steady, at a declining, or at an in-

creasing rate?

Even if we waive aside the logical difficulties of interpret-

ing an index number of 'physical' production made by ap-

plying fixed 'money weights to bales of cotton, ton-miles of

transportation, numbers of locomotives and the like, Dr.

Burns points out that the wide differences among the decade

rates of growth found among industries make questionable
the adequacy of any sample we can obtain for total produc-
tion. Indeed, we know definitely that the best of our pro-
duction indexes give inadequate representation to new

industries, to services as compared with commodities, to 'sec-

ondary* production, to the utilization of by-products, and to

improvements in the quality of products. All of these in-

adequacies tend to introduce a downward growth bias into

the indexes. This bias is offset only in small part by the omis-

sion of industries which have ceased to exist and the under-
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representation of decadent industries. Hence all the long-

range production indexes now available, and probably the

best long-range indexes which could be constructed from

surviving records, are likely to understate the rate of growth
in total production.

Taking the indexes as they stand, Dr. Burns finds that the

least defective for his purpose are the Day-Persons and War-

ren-Pearson indexes. In 1870-1930 the first shows an average
annual rate of growth of 3.7 per cent, while the second shows

a rate of 3.8 per cent. The actual increase of total physical

production has almost certainly been more rapid than these

figures suggest quite possibly a good deal more rapid.

Further, the two indexes named show rates of retardation

amounting respectively to 0.5 and 0.6 per cent per decade.

The higher of these rates is only half of that cited above for

pig iron. Most individual industries, indeed, show higher
rates of retardation than these indexes. Nor does that fact

cast doubt upon either the indexes or the individual series;

for declining percentage rates of growth in all industries

taken one at a time would not be mathematically inconsistent

with an increase in the percentage rate of growth of total

production, and that quite apart from the birth of new in-

dustries. In view of the moderate retardation shown by the

least defective indexes and of their inadequate representa-
tion of new industries, Dr. Burns concludes: "If there has

been any decline in the rate of growth in the total physical

production of this country, its extent has probably been

slight and it is even mildly probable that the rate of growth

may have been increasing somewhat/
1

While this general proposition must be stated in these cau-

tious terms, two supplementary remarks can be made in

bolder form, (i) Population has grown at a declining per-

centage rate. Hence production per capita has experienced

retardation, if any, at a lower rate than total production. (2)
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Despite their downward growth bias, the Day-Persons and

the Warren-Pearson indexes show an increase on the average

in the absolute yearly increments of total production.

A reader who grasps the import of Dr. Burns' conclusions

concerning the growth of total production, concerning trend-

cycles and retardation in the life histories of individual in-

dustries must ask himself whether these conclusions are really

valid. If he takes this question seriously, he will read the

book with the care it merits. For it is only by following Dr.

Burns through his careful tests of the original data, his dis-

cussions of concepts and explanations of methods that one

can appraise the results. These results contain many signifi-

cant items not mentioned in this summary. While the reader

will not find 'the law of increase of production* for which

John Stuart Mill called, he will find the most important con-

tribution to our knowledge of increase in production which

has been made since Mill wrote.
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FOREWORD

1HIS inquiry into economic change is restricted to one type
of change, secular trends; to one aspect of the economic sys-

tem, industrial production; to one geographic division, the

United States; and to a portion of the economic history of that

division, the period from approximately 1870 to 1930. The
first three limitations are matters of choice, the last is virtually

a matter qf necessity.

The theme of the work is the industrial progress of the

United States, but the approach is theoretical not historical.

The production trends of a large number of industries are

analyzed with a view to discovering such elements of order

as have characterized the rapid development and changing
content of our national production of commodities and ser-

vices. The first two chapters are devoted to a description of

statistical data and technique. Chapter III presents a general

picture of the changes in the qualitative composition of pro-

duction, and suggests certain elements of order in these

changes. These elements of order are investigated in some

detail in Chapters IV and V. The final chapter passes from

the changes in the pattern of production to the quantitative
increase in total production, the principal aim being to de-

termine whether there has been any regularity in the secular

trend of total production.
The economist need not be reminded that an inquiry con-

fined to secular changes in industrial production can give only
a partial glimpse into secular changes in the economic sys-

tem as a whole; that an inquiry into secular changes in the

physical volume of production can give only a partial glimpse
into secular changes in industrial production; and that an

3
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inquiry carried through largely in terms of data of the physical

volume of production can give only a partial glimpse even

into secular changes in the physical volume of production,
since the production system does not have an independent
existence. If some of our interpretations of statistical regulari-

ties in secular changes in the physical volume of production
lack thoroughness, that is one of the 'costs' of a study aiming
at general results, but based on a restricted range of statistical

data.



Chapter I

DESCRIPTION OF PRODUCTION
STATISTICS

AN INQUIRY into production trends cannot be better than

its basic materials. Therefore, an attempt will be made in

this chapter to indicate the meaning of production statistics,

the extent to which long-range production series are avail-

able, and the degree of their correspondence with the quanti-
ties of which they purport to be measures. The production
series analyzed in detail in this study go back at least to 1885
but no further than 1870. The series relate to the physical

volume of production and cover a fairly large portion of the

total production area. But the gaps in the data are numerous
and important, and the series themselves are at times of

uncertain quality. It is only proper that the reader be warned

at the start that he may be asked to accept conclusions which

do not always have as thorough a factual basis as he has a

right to expect.
1

I. MEASUREMENT OF PRODUCTION
In traditional economic theory, 'production* means the

'creation of valuable utilities'. But the things to which 'valu-

able utilities' are added by industry have attributes other

than price. The output of any given commodity may be

viewed not only in terms of monetary value (gross or net),

i This chapter is devoted to a general description of the production series

which form the backbone of the analysis in Chapters III-V; the production
indexes on which the analysis in Chapter VI rests are described in the intro-

ductory section of that chapter.

5
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but also in terms of physical volume, in terms of the satisfac-

tions (direct or indirect) of consumers, or from the standpoint
of its social value. Let us suppose that one thousand cigars

of a standard grade are made in one month and two thousand

the next. The physical volume of production may then be

said to have doubled. But the gross pecuniary volume of pro-

duction may have changed in another ratio, depending on

the price of cigars in the two months. The net pecuniary vol-

ume of production may have changed in still another ratio,

depending not only on the price of cigars but also on the

prices of the materials entering into the cigars. If the charac-

tST ot tEe consuming group remained the same over the two

months, the volume of created utilities will have increased,

though by less than one hundred per cent: if the character

of the consuming group changed, the volume of utilities may
have increased or decreased in almost any ratio; but in either

case the exact change is indeterminate. Finally, the social

value of the output of cigars may have changed in any ratio

whatsoever, depending on the moral universe of the person
or group concerned with the change. According as the produc-
tion of cigars or any other good is viewed in one or another of

these respective ways, a physical, pecuniary, utility, or norma-

tive concept of production is embraced. However, since the

utility and normative concepts do not generally lead to ob-

jective measurements, the physical or pecuniary concepts
must be employed, if a study of production is to convey more
than the personal bias of an investigator.

The measurable aspects of the things to which valuable

utilities are added by industry consist, speaking generally, of

certain pecuniary and physical characteristics. The pecuniary
characteristics are numerous: the gross value, net value, labor

cost, materials cost, and so on. The physical characteristics are

likewise numerous: we can express the physical volume of

production of wheat in terms of units of weight (the ton),
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units of cubic content (the bushel), units of energy (the

calorie), units of expended labor (the man-hour), and so on.

Constant relations will hold between series of year-by-year

measurements of divers pecuniary aspects of a produced com-

modity, if industrial technique remain constant and prices

move in identical ratio; between measurements of divers

physical aspects of the commodity other than the labor be-

stowed upon it, if the commodity be perfectly homogeneous;
between measurements of all physical aspects of the com-

modity, if the commodity be perfectly homogeneous and in-

dustrial technique constant; and between measurements of

all physical or pecuniary aspects of the commodity, if the

commodity be perfectly homogeneous, industrial technique

constant, and prices move in identical ratio. However, indus-

trial technique and price changes are ordinarily dynamic;

and, although certain commodities arc homogeneous (as is

true in high degree of copper since the widespread adoption
bt electrolytic refining, and of Portland cement since *9nj
commodities are as a rule heterogeneous. Therefore, series

of y6&r-by-year measurements of divers physical or pecuniary

aspects of the aggregate of some produced commodity will

differ from one another in variable ratio. Granted minute

knowledge of the distinguishable units (bushels) of the out-

put of wheat (a heterogeneous product) over a series of years,

we could express the production of wheat in terms of gross

value, net value, tons, bushels, calories, or man-hours of labor;

each of these sets of measurements would express precisely the

quantity of that homogeneous attribute of which the par-

ticular measurement takes account; but the several sets of

measurements would ordinarily bear a more or less incon-

stant relation to one another. Moreover, we would attain

dollar sums, bushel sums, calorie sums, and so on, for a

'bundle' of closely related commodities called 'wheat', not

for a unique commodity.
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The significance of the various measurable aspects of things

to which valuable utilities are added by industry differs, of

course, with the purpose at hand. What is most important
from the standpoint of farming enterprisers having different

grades of wheat for sale, at least so far as their immediate eco-

nomic status is concerned, is the gross value product; from

the standpoint of the welfare of those attached to the wheat-

farming industry, the net value product; from the standpoint
of the technical branch of the transportation industry, the

number of bushels of wheat and their tonnage; from the stand-

point of the business branch of the transportation industry,

the number of bushels of wheat, their tonnage, and their gross

value. All of the measurements are important from a 'social*

standpoint: calorific content, because the energy value of

wheat is one of the elements entering into its want-satisfying

power; the number of bushels of wheat, because of the calo-

rific value of wheat, and even more, the preference of the

population for this grain; the quantity of expended labor,, be-

cause it expresses, when related to the number of bushels of

wheat, the effectiveness of man in the mastery of his environ-

ment; the net value product, because it enters directly into

the economic welfare of one important section of the popula-
tion and indirectly into the economic welfare of the entire

population; and the gross value product, because it bears

some relation however vague, inconstant, and erratic to the

satisfactions accruing to the domestic population from the

consumption of wheat or from the consumption of other

goods obtained from the outside economy in exchange for

wheat. 2

2 One might argue that, from a 'social' standpoint, the gross value of a

produced commodity is the most significant of its various measurable aspects;
for the qualitative differences of, say, wheat are primarily important to the

economist when they are attended by utility differentials, which, in turn, al-

ways enter into price differentials. This assumes that a series of wheat pro-
duction expressed in terms of gross value will correspond more closely to

utility differentials than will a series of wheat production expressed in some
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In this study, our interest centers in the secular changes in

the volume and forms of productive activity; to be more ex-

plicit, in the development of individual industries and of

industry as a whole, and in changes in those economic customs

which are expressed in the composition of the 'heap* of na-

tional production. In studying the things to which valuable

utilities are added by industry, we should, therefore, make
use of measurements of gross value, of net value, and of vari-

ous physical attributes (these will differ, of course, from com-

modity to commodity). However, the only measurements of

production available in reasonable abundance are of gross

value, and of physical production as expressed in commercial

units (bushels of wheat, number of locomotives, flasks of

mercury). Practical limitations on the scope of this investiga-

tion make it impossible to utilize even these measurements.

Price fluctuations, especially when violent and erratic, com-

plicate the meaning of pecuniary measurements of produc-

tion; these will therefore be left out of account in this re-

stricted study. The long-term records of the physical volume

of production of wheat, coal, cotton, and other commodities

reveal more sharply the growth tendencies in specific types of

industrial activity, and changes in the channels into which the

industrial activity of the population flows.

To be sure, our data on the physical volume of production
are expressed in units which are inconstant over time, and

this detracts somewhat from the import of the measurements.

Fortunately, however, the changes in the qualitative char-

acter of the units are generally very gradual.
3 For example,

there has been a persistent improvement in the quality of

physical unit, say, bushels. It is not feasible to enter at this point into a discus-

sion of the conditions under which this will be true or false. Suffice it to say,

though, that it is altogether impossible to state whether the one or the other

measure will generally correspond more closely to the volume of created

utilities.

3 See pp. 25-7.
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rails and locomotives since the Civil War, but no sharp varia-

tion in quality from year to year. Even when the quality of

products varies considerably from year to year, as in most

agricultural produce, the trend in quality, whether upward,
as in sugar beets, or downward, as in raw wool, is ordinarily

gradual. The units of physical output change, as a rule, in a

regular manner, especially in the case of raw materials and

crude manufactures, which bulk large in the long-range pro-

duction statistics available. To be sure, sudden and fairly

comprehensive qualitative changes in the aggregate produc-
tion of a commodity take place at times, either as a result of

an outstanding technical discovery, as in the case of Goodyear
rubber, or a legislative fiat, as in fermented liquors after the

Prohibition Amendment. But really discrete and revolution-

ary changes in the aggregate output of a commodity are rare,

and are never an important feature of the economic system

as a whole.

II. LIST OF PRODUCTION SERIES

The production series on which the greater portion of this

study is founded are listed in Table i. These series constitute

a fairly exhaustive record of the continuous data available for

a study of production trends during the period since 1870-

85.* All of the important series, taking value of product rep-

resented as an index of importance, are included, as are also

a fairly large number of minor series. Some of the minor pro-

duction series are used because they represent decadent indus-

tries, but the main reason for including such series is to

compare the trend characteristics of major and minor indus-

tries. Economic theory suggests that the growth tendencies of

minor industries will not be marked by the same degree of

* Scries which do not extend back at least to 1885 arc not included, because

a shoiter period would prove inadequate for the kind of analysis to which
the data are subjected.
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'stability' as major industries, and it therefore seems desirable

to determine empirically such differences as may exist in the

trend behavior of the two.

The series listed in Table i are arranged under conven-

tional industrial categories,
5 and in the order of the length

of period for which they are available. The number of series

listed in Table i is 104, several of them being duplications

s The allocation of the individual series to the several industrial categories
is in some instances arbitrary. A number of series which relate to manufac-

tures (according to the usage of the Census Bureau) are placed under agricul-

ture and mining, the purpose being to cover the raw materials group as

thoroughly as possible. But this rule could not be followed uniformly. Thus,
aluminum is not placed under mining, because its production in this country
antedates that of bauxite, and foreign bauxite has played throughout an im-

portant idle in the domestic aluminum manufacture. Nor is roofing slate

placed under mining, the ground being that it accounts for only a portion
of the output of slate quarries. A similar reason holds for several other series.

Insofar as series technically relate to manufactures, but are not so classified

in Table i, they are distinguished in Table 7, being repeated there from

tabulations for agriculture and mining. Several border-line cases remain, but

there is no need to discuss them.

Another group of arbitrary allocations is found in the transportation and

trade divisions. Thus, the series 'postage stamps' and 'postal money orders'

are placed in the transportation division, on the view that the postal service

is a communication industry. The series 'railway freight* is placed under trade,

and 'railway ton-miles' under transportation, on the view that the actual vol-

ume of goods shipped is symptomatic of trade activity, and that a compound
series of freight and distance is the real measure of the service rendered by
the freight branch of the railway transportation industry. The series 'coastal

trade' is placed under transportation, on the view that coastal shipping is a

distinct branch of the transportation category. But plausible grounds could

be advanced for assigning some of the series placed in the transportation cate-

gory to the trade category, and vice versa.

The arbitrariness at various points of the classification of series in Table i

is one reason for combining certain of the industrial categories in the sub-

stantive tabulations. Thus, trade and transportation series are generally treated

together. The manufactures and construction categories are also joined in

most of the substantive tabulations, but for another reason. Both manufac-
ture and construction are elaborative industries, the only technical difference

between them being that the seat of the activities of the latter is inconstant;

this difference is of no significance from the standpoint of secular trends in

industry. Finally, the agriculture and fisheries categories are generally joined
in the tabulations, in part because they relate commonly to organic raw mate-

rials, but primarily on grounds of convenience.
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Table i

PRODUCTION SERIES AND THEIR

AGRICULTURE

1.

2.

3-

4-

5-
6.

7-
8.

9-
10.

11.

12.

*3-

14.

15-
16.

*7-
18.

'9-
20.

Barley 1870
Beet sugar 1870
Buckwheat 187
Cane sugar 1870
Corn 187
Cotton 1870

Hay 1870
Molasses and sirup 1870
Oats 1870
Potatoes 1870
Rice 1870

Rye 1870
Tobacco, raw 1870
Wheat 1870
Wool 1870
Raisins 1872
Flaxseed 1 879
Cattle 1880

Hogs 1880

Sheep 1880

FISHERIES

21. Cod and mackerel 1870
22. Whale 1870

23. Fish, total 1880

24.

25-
26.

27.
28.

29-

30.

3i-

32.

33-

34-

35-

36.

37-

38.

39-

40.

41.

42.

43*

MINING

Anthracite coal 1870
Bituminous coal 1870
Coal, total 1870

Copper 1870
Gold 1870
Lead, domestic 1870

Mercury 1870
Petroleum 1870

Phosphate rock 1870
Silver 1870
Zinc 1870

Asphalt 1880

Cement, total 1880

Fluorspar 1880

Gypsum 1880

Iron ore 1880

Non-Portland cements .. 1880

Portland cement 1880

Pyrites 1880

Salt 1880

DATES OF COMMENCEMENT

44. Sulphur 1880

45. Natural gas 1882

MANUFACTURES

46. Cocoa imports 1870

47. Coffee imports 1870

48. Cotton consumption . . . 1870

49. Distilled spirits 1870

50. Fermented liquors 1870
51. Jute imports 1870

52. Lead consumption 1870

53. Lead, total 1870
54. Manila hemp imports . . 1870
55. Minor fiber imports . . . 1870
56. Pig iron 1870
57. Rails 1 870
58. Raw sugar consumption. 1870
59. Rubber imports 1870
60. Silk imports, raw 1870
61. Sisal imports 1870
62. Steel 1870
63. Superphosphate 1870
64. Tin imports 1870
65. Vessels 1870
66. Wool consumption 1870
67. Antimonial lead 1871
68. Tin-plate consumption. . 1871
69. Tobacco and snuff 1871
70. Cottonseed cake and

meal 1872
71. Cottonseed oil 1872
72. Nails 1872
73. Zinc consumption 1873
74. Flaxseed consumption .. 1879
75. Roofing slate 1879
76. Cigarettes 1880

77. Cigars 1880

78. Coke 1880

79. Flour 1880
80. Gold consumption 1880
81. Locomotives 1880
82. Silver consumption .... 1880

83. Tobacco consumption . . 1880

84. Aluminum 1883
85. Copper consumption . . . 1883
86. Silk imports, unmanufac-

tured 1883
87. White lead 1884
88. Canned corn 1885
89. Canned toipatoes 1885
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Table i (cont.)

PRODUCTION SERIES AND THEIR DATES OF COMMENCEMENT

MANUFACTURES (cont.) 96. Postal money orders . . . 1870
97. Railway ton-miles 1870

90. Rolled iron and steel . . . 1885 9s. S. S. Marie canals traffic 1870

99. Railway passenger-miles. 1882
CONSTRUCTION

91. Rail consumption 1870
TRADE

92. Building permits ,874 IQO Agricultural expom . . . l87o

TRANSPORTATION
ioi. Deflated clearings ... 1870
102. Tonnage entered and

93. Coastal trade 1870 cleared 1870
94. N. Y. canals traffic 1870 103. Shares traded 1875
95. Postage stamps 1870 104. Railway freight 1882

about which something will be said presently. With minor

exceptions, all of the series are continuous annual records,

continuity and annual availability being essential for the

main tasks of this study. With minor exceptions again, all of

the series are analyzed through 1929, so that the dates at

which the series begin indicate the exact periods covered by
the series in this study.

8

A word may be said about the nomenclature of the series.

When the name of a commodity is given without any further

qualifying term, 'production* is almost always implied. The
two most frequent qualifying terms are 'imports' and 'con-

sumption*. The former is self-explanatory except that the

imports are 'net'; the latter refers in each case to industrial

a While the analysis of most of the individual production series is extended

through 1929 only, most of the production indexes covered in Chapter VI
are analyzed through 1930. Two series, distilled spirits and fermented liquors,
are not analyzed beyond 1918; the qualitative change in these commodities,
at least so far as the statistically reported product is concerned, was so com-

prehensive that all that the products before and after this date have in com-
mon is their name. Two series, building permits and roofing slate, have a

one-year gap (see Appendix B), but this was not deemed a bar to their

utilization.

In addition to the series in Table i, a fairly large number of discontinuous

production series are available; they have been used as supplementary mate-

rials in one portion of the study where discontinuity of data did not matter

much. See Tables 22, 24-25, and Appendix B, II.
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consumption, that is, utilization by industrial units, not by
final consumers. One of the consumption series, 'rail consump-
tion', calls for special comment: it represents the apparent
utilization of rails by railroads, and therefore offers an indica-

tion of the volume of railway construction, including repairs.

The series 'minor fiber imports' is a composite of sisal, jute,

and Manila hemp imports. The series 'coastal trade* measures

the tonnage documented for the coastal trade and not the

freight moved in coastwise commerce. Similarly, the series

'cod and mackerel' and 'whale' relate to the tonnage docu-

mented for these fisheries and not to the quantities of catch.

The series 'railway freight' refers to the volume of freight

transported over the various railroads, and includes such

duplications as shipments moving over the lines of several

roads may involve. The series 'lead, domestic' refers to the

primary lead refined from domestic ores, while the series

'lead, total' relates to the primary lead refined from all ores

or base bullion, irrespective of origin. The series 'cattle',

'sheep', and 'hogs' represent federally inspected slaughter or

its estimated equivalent. The series 'silk imports, unmanufac-

tured' differs from 'silk imports, raw' in that it includes co-

coons and silk waste in addition to the silk fiber. These com-

ments are confined to those series whose coverage is most

vaguely indicated by the synoptic nomenclature of Table i.
7

For the content of the various series, reference should be made

to Appendix B and to the sources there listed.

7 The use of the terms 'sisal', 'Manila hemp', and 'cocoa' is sanctioned by
trade custom. Practically all of the so-called 'sisal' imports are really imports
of 'henequen'. The correct name of 'Manila hemp' fiber is 'abaci'. The term

'cocoa' properly refers to the finished product only; the present statistics are

for the crude product which, strictly speaking, goes by the name 'cacao'.

However, the term 'superphosphate* has been used in preference to the more
familiar name 'acid phosphate', in view of the official adoption of the former

by fertilizer manufacturers in 1928. The term 'coastal trade', on the other

hand, has been used instead of 'coasting trade', which is the preferred term

in official reports.
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Among the 104 series, there is a certain amount of dupli-

cation, that is, a given stage in the production of a commodity
is in some cases represented by more than one series. Thus,

there are two series for silk imports, varying only in the degree
of their inclusiveness. There are series for the total produc-
tion of coal and cement, and also separate series for the sub-

divisions of .each. The imports of three minor fibers jute,

sisal, and Manila hemp are covered separately and in combi-

nation. There is a series for all rolled iron and steel products
and also for rails a specific kind of rolled product. There

are three series for manufactured tobacco products cigarettes,

cigars, and tobacco and snuff and also a series for tobacco

consumption which indirectly subsumes all of them. There is

a series for all the fisheries, and also two series for certain

divisions of the industry. The various duplications derive in

part from the form in which the statistical materials are cast;

for example, data of the output of all rolled iron and steel

products are available back to 1885, but not for the individ-

ual products except rails; or to cite another example, a homo-

geneous record of unmanufactured silk imports extends back

to 1883 only, while a consistent record of raw silk imports is

available back to 1870. However, most of the duplications in

the list of series result from our interest in the aggregate pro-

duction of certain industries and also in certain of their sub-

divisions; though gaps in statistics and practical considerations

imposed restrictions on the extent to which subgroups of

industries are covered.

The fact that the series in Table i involve a certain amount

of duplication suggests that the production data lack qualita-

tive homogeneity. Actually, the qualitative differences among
the series extend considerably beyond the duplicated areas. In

referring to the various series, the term 'industry* is very fre-

quently used in this study; that term, however, does not have
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a uniform signification,
8 since the series differ appreciably in

the degree of generality of their industrial reference. Thus,

several series are included for separate divisions of freight

transportation by water, but the series for railways is compre-

hensive; Portland cement is treated separately, but all other

cements are lumped together; there is only a single series for

all distilled spirits, yet there is one series for all rolled iron

and steel forms and another for a specific kind of rolled

product; and the numerous materials consumption series are

of a distinctly higher order of generality than the rest. These

differences in the industrial dimension of the series result,

in part, from practical exigencies which imposed limitations

on the use of such materials as are available, but mainly, from

the nature, that is, the quantity and quality, of the data which

have come down to us. The heterogeneity of the underlying
data is in a sense intellectually unsatisfactory; but the inele-

gancies in the list of series could not be wholly eliminated or

even appreciably reduced without discarding a large portion

of the usable statistical records of production. The wide dif-

ferences in the industrial dimension of the series are allowed

for in the later analysis, in part through separate tfeatment of

'basic' series, which include series representing industries of

large importance and also series of wide industrial reference,

and in part through comparisons of series of production and

industrial consumption for identical commodities. It will be

seen that the analysis gains in some ways from that very hetero-

geneity in the form of the data which appears at first sight an

unmixed evil.

8 Several fairly definite conceptions of a national industry which might be
used are: (i) a given product turned out by all establishments by a given
technical process, (2) a given product turned out by all establishments irre-

spective of type of technique, (3) related products turned out by all establish-

ments irrespective of type of technique. But it would be difficult to employ
strictly any of these conceptions.
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III. INDUSTRIAL COVERAGE OF
PRODUCTION DATA

Any one who examines the list of series carefully will not

fail to note numerous inadequacies in the materials. A large

portion of the field of 'service' production is completely unrep-
resented. To be sure, trade and transportation are covered

after a fashion; but the services performed by these industries

are mainly adjuncts of the process of producing tangible

goods. There are glaring gaps even in the field of 'commodity'

production. Among the industries producing raw materials,

the mining group alone is covered with reasonable thorough-
ness. Forestry is not represented at all. The fisheries are com-

pletely represented, but by a single general series rather than

by component series. No dairy products are included in the

agricultural group, and very few fruits or vegetables. The

gaps in the manuiactures group are numerous and important:
the paper, printing and publishing, lumber products, musical

instruments, leather, petroleum refining, and machinery in-

dustries are untouched, and there are serious omissions in

such divisions of manufacture as are represented. The con-

struction industry is represented by the 'building permits'
and 'rail consumption* series; but the permits figures, at best,

serve as an indication of the volume of urban construction

only, since they leave out of account rural and governmental
construction. Clearly, the production series included in this

study fall far short of a comprehensive coverage of the area of

national production.
It is desirable to form a somewhat exact notion of the extent

to which the production of the American economy is covered

by the series listed. In Table 2 estimates are given of the cov-

erage of the total outnut of various groups of industries and

of all industries during 1925. These estimates are necessarily

rough, and are intended merely to give some idea of the ex-



i8 PRODUCTION TRENDS

tent of the production area covered by the series.
9 It will be

noticed that the coverage of mining, the fisheries, and trade is

very high; that the coverage of agriculture, construction, and

transportation is rather high; that the coverage of manufac-

tures is low; and that many branches of the service industries

are not covered at all. Our series account for about 60 per
cent of the output of the seven industrial groups covered, and

for about 40 per cent of total national production; but these

global estimates are less revealing than estimates for certain

& Whenever possible, separate computations were made for 1925, 1926, and

1927, and the results averaged. The percentage coverage of agriculture was

computed by expressing the gross farm value of the listed crops and animal

products as a ratio to the gross value of total farm production; the data

used are those given in Farm Value, Gross Income, and Cash Income from
Farm Production (Department of Agriculture, 1930). The percentage coverage
of mining was obtained by expressing the value of the listed mineral products
as a ratio to the total value of mineral production; the data used are those

given in Mineral Resources of the United States (Bureau of Mines). In view

of the difference in the classification of the Bureau of Mines and that of Table

i, it was necessary to modify the latter so that it correspond with the former.

It should be noted that the Bureau of Mines surveys of mining overlap in

considerable part the field of manufactures; a stricter definition of mining
would probably yield a higher estimate of the coverage. The percentage cover-

age of manufactures was determined by obtaining the 'value added' of the in-

dustries included, this requiring estimation in many cases, and then expressing
this figure as a percentage of the 'value added* by all manufactures; the data

used are those of the Census of Manufactures. In view of the difference in

the classification practice of the Census Bureau and that in Table i, it was

necessary to modify the latter so that it correspond with the former. The
estimate for manufactures is probably somewhat too high, for it was impossible

completely to avoid indirect representation of industries. The percentage

coverage of construction was determined by (i) subtracting the value of public
and rural construction from total construction (the figures used for public
and total construction are Wolman's estimates, see his Planning and Control

of Public Works, National Bureau of Economic Research, 1930, p. 126; the

estimate of rural construction was made by multiplying the estimate of non-

public construction by an estimate of the percentage the basis being the

Federal Trade Commission's National Wealth and Income, 1926, pp. 366-7
which rural construction constitutes of total non-public construction); and

(2), expressing (i) as a percentage of the value of total construction. The

percentage coverage of transportation was obtained by (i) adding King's
estimates for 1925 of the realized income of steam railroads, the realized in-

come of the water transportation industry, and the wages of postal service

employees; (2) adding wages of postal employees to King's estimate of realized



PRODUCTION STATISTICS 19

Table 2

ESTIMATES OF THE COVERAGE OF PRODUCTION SERIES,

BY INDUSTRIAL GROUPS, IN 1Q25

Per cent of

Industrial group product accounted

for by series

(1) Agriculture 65

(2) Fisheries 100

(3) Mining 83

(4) Manufactures 22

(5) Construction 63

(6) Transportation 69

(7) Trade 100

Above industrial groups, (i) to (7) 60

Above and all other industrial groups 39

All commodity-producing industries 43
All service-producing industries 37

Above industrial groups, except (2), (5), and (7) 46
All industrial groups, except (2), (5), and (7) 26

All commodity-producing industries, except (2) and (5).. 40
All service-producing industries, except (7) 15

of the industrial groups. Thus, the coverage of the commodity-

producing industries is 43 per cent, a somewhat higher figure

than for the service-producing industries. More significant

estimates of the industrial coverage of the series are attained

income for the transportation industry; and (3), expressing (i) as a percent-

age of (2). (King's estimates are given in his National Income and Its Pur-

chasing Power, National Bureau of Economic Research, 1930, pp. 95 and 364.)
The percentage coverage of the fisheries is given as 100, in view of our use

of a series of total fish catch. In the case of trade, the series included do not

run in the desired form, that is, they fail to cover separately either distinct

branches of trade or the trading transactions in distinct industries. In view .of

the generality of the series, a 100 per cent coverage is assumed; but because
of the unsatisfactoriness of the form of the series, trade is omitted from some
of the summary computations.

In order to determine the percentage coverage of all industry and the sev-

eral combined industrial groups (the fishery was ignored because of its rela-
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by excluding construction, trade, and the fisheries; for, al-

though high percentages are recorded for these industrial

groups, the series falling in the groups are either very indirect

measurements of output or else defective in other ways more
so than the generality of series for other industries. With these

omissions, the coverage of all industries drops to 26 per cent,

and the gap between the 'commodity* and 'service* industries

becomes more pronounced, their estimated coverage being

40 and 15 per cent, respectively. These estimates hold approxi-

mately for more recent years; but they are probably much
too low for the early years of the period covered by this study.

It must also be observed that the estimates do not make allow-

ance for the indirect industrial representation of the series.

It has already been stated that although the series listed fail

to cover a large portion of the production area, they constitute

a fairly exhaustive record of the long-range production data

available. The wide gaps in our historical records of produc-
tion are, in considerable part, a legacy of the neglect of statis-

tics in earlier days. The reluctance of producers to disclose

live insignificance), more extensive use had to be made of King's estimates of

the income created by various industries. His estimates for 1925 were used,

this being the latest year for which full data are given. As a first step, the

net value product of the various industries accounted for by the series in-

cluded had to be estimated; this was done by applying the estimated per-

centages of coverage for agriculture, mining, manufactures, construction, and
trade to King's estimates of income created by these industries; in the case

of transportation, the estimate of net value product was yielded directly by
the method earlier indicated. As a second step, minor adjustments were made
in certain of King's estimates of income created by industries: (i) the figure
for transportation was raised by the amount of wages paid to postal service

employees; (2) the figure for government was lowered by the amount of pen-
sions and gratuities, and by the amount paid to postal service employees; (3)

income from foreign investments and imputed interest on durable consump-
tion goods were excluded from the 'miscellaneous' category. From this point
on, only totals had to be struct and compared. The commodity-producing
industries group includes the following of King's groups: agriculture, mining,
manufactures, construction, and a small portion of the 'miscellaneous* cate-

gory. The service-producing industries group includes transportation, trade,

government, banking, 'unclassified', and the bulk of the 'miscellaneous*

category.
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their output was formerly the most serious impediment to a

system of national production statistics. 10 The consequences
of statistical reticence are most conspicuous in monopolistic

industries; for example, the aluminum industry, and the sul-

phur industry for some years. But such obstacles, originating

in the vested interests of private enterprise, might easily have

been overcome, had there been greater public appreciation of

the importance of regular compilation of authoritative data

on production. The extent of earlier public indifference to

the recording of national progress is strikingly indicated by
the fact that such long-range production series as are now
available for other than agricultural and mineral industries

are in very considerable part an accidental by-product of vari-

ous branches of governmental administration mainly the

customs, postal system, internal revenue, and the waterways.

Because of their origin, these statistics have a decidedly indis-

criminate character as far as the significance of their indus-

trial coverage is concerned, and rarely have the most desirable

form for a study of production. In the case of crop production
and mining, the government has served posterity more kindly.

For these industries the statistical record is relatively ample,

by virtue of the annual estimates of crop production which

the Department of Agriculture initiated in 1862, and the

annual canvasses of mineral production which the Geological

Survey began in 1882. It is fortunate that government records

do not constitute the only source of long-range production
statistics. Data on the output of several industries especially

iron and steel, railway equipment and traffic, and sugar have

come down to us as a result of the diligence of certain private

organizations. Moreover, by the use of government and other

sources, students have recreated the statistical record of many
10 Fortunately, that reluctance has diminished considerably; but it is still

found especially in declining industries.
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industries notably the production of certain classes of live-

stock, of superphosphate, flour, and natural gas.

But with new industries emerging and old industries van-

ishing, the pattern of national production continually under-

goes modification, so that even an ideally complete set of

long-range production series could embrace only that portion
of the production area which is common to each of the years

covered. In view of the considerable current importance of

commodities such as automobiles, rayon, radio sets, washing

machines, photographic materials, and electrical appliances

of all sorts, a set of series reaching back to the 1870*8 or '8o's

must necessarily fall short of including important sections of

contemporaneous productive activity. Even some of our in-

dustries producing raw materials are of rather recent origin:

the first shipment of bauxite was made in 1889, and the dis-

covery of Fuller's earth dates back only to 1893. So, the dy-

namic character of production, no less than the sparseness of

statistical records, accounts for the incomplete coverage of

the field of production by our long-range series.

IV. DEFECTS OF PRODUCTION DATA

Though the relative industrial coverage of the series listed

in Table i falls far short of ideal requirements, a point had

yet to be stretched in order to achieve this coverage. A num-

ber of series which do not report the volume of production

directly are included. Several estimated series which have not

as yet stood the test of critical review are also included. More-

over, even the production series which are commonly ac-

cepted as authoritative have a variety of defects. The defects

of physical volume statistics derive, in part, from the dynamic
character of production processes, and in part, from the statis-

tical procedures of compiling agencies. Sundry references

have already been made to inadequacies in the form of the
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production data. It remains now to consider more systemati-

cally the nature of the inadequacies.
From a qualitative standpoint, the chief types of defects in

the production series are as follows. First, a large number of

the series are results of estimates rather than enumerations:

practically all the figures of crop production
u are in this

form, and the data for many of the other series are also esti-

matesthe materials consumption series requiring special

mention since they are, generally, calculated series. Second,

many of the series are indirect measurements of production:
about twenty series relate to 'imports' or 'consumption', a

few series really measure shipments, and a few volume of

equipment. Third, several of the presumptive physical vol-

ume series are really pecuniary in form or origin: the series

'postage stamps' runs in dollar units, while the 'building per-
mits' and 'deflated clearings' series are adjusted for changes in

price levels. Fourth, the significance of the units in which cer-

tain of the series are expressed is open to doubt: this holds

particularly for several of the indirect production series, for

the series on animal slaughter, and in more or less degree for

some other series. Fifth, the real content of the units of prac-

tically all of the series lacks temporal constancy: though less

pronounced, this is as true of the series 'cattle' and 'copper'

as of 'rails' and 'locomotives'. Sixth, the industrial coverage of

several series is incomplete: this is true mainly of 'building

permits' and of the series on animal slaughter. Seventh, the

geographic coverage of some series exceeds or falls short of all

of the contiguous areas of the United States: import series

cover also some of the possessions, the production data for

certain commodities are occasionally limited to the leading

producing states, and at times a portion of the output of

11 At present, the Division of Crop and Livestock Estimates of the Depart-
ment of Agriculture is engaged in a comprehensive revision of the historical

record of crop statistics.
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bordering foreign countries is covered by the statistics.

Eighth, the time reference of some series is not uniform, as

when data are first given on a fiscal and later on a calendar

year basis. Finally, a few of the series are spliced, and differ-

ences in the exact composition of the joined series may give

rise to error: the most conspicuous instances are the several

series on minor fiber imports, which relate first to 'imports

entered for consumption' and later to 'general imports' minus

'foreign exports'.

This conspectus of the types of defects in production series

might be elaborated upon to some advantage, were it not for

the fact that certain of the defects are of little importance when
the series are used to study production trends. Clearly, inac-

curacies in the year-by-year figures will matter little, provided
the general trend of the figures is unaffected. Since many of

the estimated series rest on the support of census enumera-

tions, their trends may be approximately accurate, even

though year-by-year movements at times are not.12 A constant

error in the figures, irrespective of its direction, will exercise

no influence on their trend. Lack of uniformity of time refer-

ence will affect the general trend but imperceptibly, as will

also minor differences in geographic or industrial coverage.

And many of the consumption series for metals, though

undoubtedly in error for individual years because of insuffi-

cient account of stocks, are in all likelihood reasonably ac-

curate in their general drift, being compounded from rather

reliable data on production and foreign trade.

However, the series have a variety of defects even from the

standpoint of an inquiry into production trends, though their

exact importance will vary with the nature of such an inquiry.

The limitations are clearest when the data are used to indi-

12 There are often doubts, however, concerning the accuracy of the census

base. See Joseph S. Davis, "Some Observations on Federal Agricultural Statis-

tics/' Proceedings of the American Statistical Association, March, 1928.
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cate the average rates of growth of industries.18 It will there-

fore be instructive to analyze the 'growth bias* of the series,

meaning by this a persistently increasing or a persistently de-

creasing percentage differential between the data and the

'real volume* of production throughout the period covered

by the series or during some appreciable time segment.
One of the conditions under which a growth bias will arise

in a production series is when the coverage of the series has

an upward or downward trend. This may be due to a change
in the efficiency of collecting the data: in the case of such series

as are obtained by the enumerative method, there has prob-

ably been a slightly upward growth bias arising from increas-

ing comprehensiveness of reporting. A trend in the relative

coverage of a series may also be due to a change in the rela-

tive importance of the statistically covered area of an indus-

trial process. Thus, the livestock slaughter series, being lim-

ited to federally inspected slaughter or its estimated

equivalent, have an upward growth bias, as far as their rep-

resentation of meat production is, concerned, because of the

relative decline of 'rural' slaughter. On the other hand, several

of the metal production series, insofar as they are used to

represent metallurgical rather than mining processes, have a

downward growth bias because they are confined to 'primary*

metal and exclude 'secondary' metal which is of increasing

relative importance.
A growth bias is also likely to arise when an indirect pro-

duction series has a trend of a somewhat different curvature

than the real phenomenon which it is taken to represent. One
of the outstanding consequences of technological advance (in-

cluding improved management) in industry is the increasing

yield of materials in the form of fabricated products. Hence,

the numerous 'consumption' and 'import' series used in this

13 When production series are used for other purposes, their defects are

more difficult to appraise. See, however, pp. 99-100, note 4, and Appendix C.
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study very probably have, on the whole, a downward growth

bias, as far as their representation of production volumes is

concerned. The same is true of the equipment series; for

example, the series of tonnage documented for the cod and

mackerel fisheries understates the trend of cod and mackerel

catch, for fishing vessels and gear are being used with steadily

greater effectiveness. The same factors are operative, but their

statistical impact is opposite, when direct production series

are used to represent production indirectly a paradoxical

procedure which at times has its advantages, as when cane

sugar production is used to represent the production of sugar

cane, and beet sugar to represent sugar beets, with a view to

attaining a more rounded picture of agriculture. In these two

cases, because of improved methods of extraction, the series

used have an upward growth bias.

Finally, a growth bias will arise in a production series when
the product covered has improved in quality. This may mean
either that the quality of a product has been generally raised,

or else that the high-quality portion of the output has in-

creased in relative importance. It may be the result of increased

care in the selection of seeds, as in crop production; or of

breeding for desirable meat strains, as in animal husbandry;
or of the development of alloys, as in the manufacture of

steel. Observers of the industrial scene differ as to whether

the quality of the total national output is improving or

worsening. Doubts may be legitimate as far as a large portion
of the field of elaborative manufactures is concerned. How-

ever, no one with even an elementary knowledge of the his-

tory of basic commodities can doubt that there has been,

generally, a secular advance in their quality. Accordingly, a

considerable number of the production series assembled for

this study have a downward growth bias on this score. 14

i* It may be argued that the output of by-products associated with some
fundamental commodity constitutes an additional source of growth bias when
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The factors making for growth bias are compensatory in

certain cases and cumulative in others. Thus, as an indicator

of beef production, the series of cattle slaughter has an up-
ward growth bias, arising from the increasing relative impor-
tance of federal slaughter and the declining weight of cattle

at slaughter, but a downward growth bias because of the im-

proving quality of beef. On the other hand, the series of

copper consumption, when used as an indicator of the manu-

factures into which copper enters, has a downward growth
bias which derives from the increasing importance of secon-

dary copper, the increasing yield ofcopper in finished products,

and the improving quality of the manufactures based on cop-

per.
15 In most cases, the exact degree of growth bias cannot

be ascertained, and the degree to which growth bias is can-

celled or cumulated can be determined at best in a qualita

tive way only. For some industries, such as locomotive pro-

duction, livestock slaughter, and a few others, auxiliary

statistics are available which suggest the probable magnitude
of the growth bias, at least as far as single determinants of bias

are concerned. 16
Taking the production series as a whole, the

one generalization which can safely be made is that their

growth bias is in most instances downward.

the by-products grow at a different rate than the main product. The series

of coke production, on this basis, has an appreciable downward growth
bias. The problem is, in the last analysis, one of definition. It depends,

specifically, on whether 'coke' or 'coke and its manufactures' is taken as the

industrial unit:

is If a series of sugar beets were used to indicate the production of sugar
beets, it would have a downward growth bias originating in the improved

quality of beets; if a series of beet sugar were used to indicate the produc-
tion of sugar beets, it would have an upward growth bias originating in the

improved methods of sugar extraction; but, if a series of sugar beets were

used to indicate the production of beet sugar, it would have a downward

growth bias originating both in the improved quality of beets and in the

improved methods of sugar extraction.

i See Appendix C, I.
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V. LIMITATIONS IMPOSED BY DATA
It is evident that neither in point of quantity nor of quality

are the listed long-range production series fully adequate for

a serious inquiry into production trends, even when the scope
of the inquiry is restricted to physical volume data. The re-

stricted coverage of the production statistics imposes limita-

tions on any generalizations which may be made concerning

production trends as a whole. The qualitative deficiencies of

the data impose restrictions even on such generalizations as

may be limited to the series studied. In working with defec-

tive statistical materials, the economist finds himself, to use

the apt words of Mr. Meeker, "in much the situation of a

chemist compelled always to do his qualitative and quantita-
tive analysis with leaky test-tubes and impure reagents."

17

The aim of this chapter has been to set forth in general

terms the nature of the underlying data of this study, not to

impound their defects. In the substantive chapters, the propri-

ety of passing from the specific results obtained to a general-

ization for the production system as a whole will be consid-

ered at each critical point. In some cases, generalization is

possible with some assurance, despite the sundry inadequacies
of the data. In other cases, an attempt to generalize on the

basis of the available materials would be boldness bordering
on folly.

The fact is that the inadequacies of the statistical data do

not bear equally on all kinds of problems, and each particular

question must therefore be settled on its own merits. For

example, the statistics are grossly inadequate for the purpose
of accurate measurement of the long-term trend of general

production.
18 To attempt to achieve this is to tempt faith out

of its proper channel. On the other hand, the statistical mate-

if
j. E. Meeker, Measuring the Stock Market (pamphlet by New York Stock

Exchange, 1931) sec. VII.
IB See Ch. VI, sec. I.
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rials are quite adequate for the purpose of determining
whether industries have grown characteristically at a declin-

ing rate, whether a long-term rhythm has been pervasive in

industry, and for still other purposes. In certain connections,

statistical methods may be used to reduce biases which ac-

tually exist or may exist in the data. 10
Also, it is often possible

to reckon appropriately, on the basis of general knowledge,
with the inadequacies of the data. There is, indeed, no more

important check on the validity of conclusions drawn from

statistical materials than the reasonableness of the results. If

they conform to a priori expectations, or if they admit of a

rational explanation, some confidence, however tentative,

must attach to them.

These remarks apply to statistical results of a general na-

ture which alone are a matter of real concern in this work.

The primary aim of the inquiry is to describe in general terms

the trends of the production system as a whole, the interest in

individual industries being merely incidental. If the specific

numerical results for the individual series are at times in

error, that need not detract from the general conclusions

reached on the basis of the data taken in the mass. Though
the data have been compiled with considerable care, a serious

effort having been made to obtain the most authoritative fig-

ures, it may still be true that some of the results for individual

series reflect faultiness of the data, or of the technique of

their analysis, rather than the nature of the actual phenomena.
Insofar as the interest of the reader may center in any of the

individual results, he would therefore do well to acquaint
himself with their full history. To help the reader who may
become so engaged, the raw data are presented in Appendix
A, Table 44; the sources of the data accompanied by brief

comments are listed in Appendix B; and a detailed descrip-

tion of their elaborate treatment is presented in Chapter II

and also in portions of the substantive chapters which follow.

i*See pp. 242-3, note 54.



Chapter II

MEASUREMENT AND ANALYSIS OF
PRODUCTION TRENDS

A STATISTICAL technique is to be adjudged in the light
of the purpose it is made to serve and of the data on which
it is put to work. The aim of this chapter, accordingly, is to

describe our technique of measuring secular trends, in rela-

tion to the underlying concept of secular trend of production
and to the raw data on production. The measurements of

secular trends will be analyzed in detail in later chapters, the

primary aim being to throw light on the elements of order

in the secular changes in the pattern of production of the

United States, ancMn the
quantitative increase of its total

production. The special techniguesemployed iiTthe
analysis

grjjie measur^menETof seculartrends will be*^lcribed fully
at the points where they are introduced; but their general
nature will be discussed briefly in the closing section of this

chapter.

I. CONCEPT OF SECULAR TREND OF
PRODUCTION

There is probably no concept in the whole field of con-

temporary 'quantitative' economics that is vaguer than that

of secular trend. However, what the most appropriate de-

notation of secular trend should be is perhaps less important
than that the term have real economic content, a fairly un-

equivocal meaning, and a uniform use in any given investiga-
tion.

3
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The term 'secular' is derived from 'saeculum'; etymology

might therefore require that we refer to a century when we

speak of the 'secular trend* of some economic element. But

there is a firm tradition in economics, going back to Cournot,

which justifies a looser use of the term. The secular trend of

an industry's production may be considered as the persistent,

underlying movement of its output over a period which is

'long* in relation to the changes associated with the 'business

cycle'.
1 So viewed, the secular trend is irreversible within the

periods of a business cycle, though it may be reversible within

longer periods. The secular trend can be represented graphi-

cally by a curve and may be given algebraic expression by a

mathematical equation. A set of secular trend lines for the

component branches of a national productive system will

register the rapidity of advance (or decline) and the chang-

ing pattern of the parts of the system.

This statement of the meaning of secular trends does not

suffice for the purpose of measurement. From a statistical

standpoint, it is more convenient to define secular trends

negatively. Accordingly, secular trends of production may
be considered, on the economic side, as the 'non-cyclical*

movements of series, and on the statistical side, as curves

which delineate these movements. This view of the secular

trend of production will be definite in the degree to which

the idea of a production 'cycle' has definiteness. Any number
of cycles may be distinguished in long production series; but

we shall view a cycle arbitrarily as a period containing a rise

and a fall, the cycle being the shortest that can occur in an-

nual data. Such a cycle will have a minimum period of two

years, and although the maximum period is indefinite, it

will generally be only a few years especially when the year-

i This term is used in Professor Mitchell's sense. See his Business Cycles:
The Problem and Its Setting (National Bureau of Economic Research, 1927),

particularly pp. 468-9. See also, p. 247, note 55.
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to-year variations of a series are taken in the form of first

differences, as may justifiably be done when production rises

with exceptional swiftness. 2 The idea of a cycle, then, can be

made definite enough for our purpose, thus leaving the pres-

ent concept of secular trend reasonably precise. Being merely

denotative, this concept is free from the question-begging
notion that secular trends are measures of the effects of causes

independent of those generating the cyclical, seasonal, and

random variations in production series. Furthermore, it is

free from the notion that secular trends are equilibria paths
which quantities 'strive' or 'tend' to approach, and the notion

that secular trends cannot themselves have undulatory con-

tours.

But if cycles are viewed in a purely statistical way, the

derivative trend concept may seem equally formal. A trend

concept resting on a statistical definition of cycles is itself

statistical. Its economic significance may well be questioned,

for statistical notions concerning trends and cycles have dis-

turbing logical implications. If a cycle be nothing more than

a rise followed by a decline or a decline followed by a rise,

a considerable number of trends and cycles may be estab-

lished for almost any long production series. What have been

defined as secular trends will also exhibit cycles, in the sense

of up and down movements, and will therefore give rise to

new lines of trend, which may show statistical cycles once

more, and so on. Yet it is only natural to think that such pro-

gressive refinement of time series, actuated by a statistical

urge, is more likely to result in statistical curiosities than in

anything of economic importance. And this doubt also casts

a shadow on the significance of the concept of secular trend

of production which has been explicated.

2 Thus, Professor Mitchell distinguishes cycles of acceleration and retarda-

tion of increase, which he has found to be particularly important in certain

cumulative banking series.
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Fortunately, this is largely an unfounded scepticism, for

the statistically defined cycles are also important economic

realities. They have broad economic significance, inasmuch

as the various production series trace out patterns of fluctua-

tion which have considerable similarity. It is, in fact, the high

degree of synchronism in the movements of the ensemble of

production and other economic elements that makes their

fluctuations a general economic phenomenon and leads us to

speak of the business cycle. The cycles of the individual pro-
duction series reveal fluctuations of the total national econ-

omy, and for this reason, their elucidation is a problem in

general economic theory. If the cycles of various industries

evidenced little of a common pattern, we could hardly speak
of general economic cycles at all. The problem of their eluci-

dation would then fall outside the province of general theory,

and would belong rather to the history of specific industries.

But once it is recognized that cycles are a generic economic

phenomenon, secular trends of production conceived of as

non-cyclical movements also take on economic significance.

They thus constitute a distinct economic movement or, per-

haps, congeries of movements.

This conclusion, however, flows from a characterization of

cycles that is somewhat too simple. The 'business cycle'

rhythm is not revealed uniformly in all production series.

The series which conform perfectly to the general business

cycle still contain random elements in their cyclical course:

many series occasionally either trace out cycles not found at

all in the progression of the business cycle or else skip certain

of the business cycles; and some series, especially the class

of agricultural crops, have cycles which show little of a sys-

tematic time relationship to the swing of the cycle in general

business. 8 These erratic cycles and random elements in cycles

3 This problem is being investigated with great thoroughness by Professor

Mitchell, who has devised an ingenious method for comparing the 'specific

cycle* patterns of series with their 'reference cycle* patterns, the latter being
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are but remotely connected with the 'business cycle* rhythm
of the national economy and arise largely from causes peculiar

to individual industries. However, for reasons of convenience,

the term 'cycle' has here been defined as a congeries of short-

run economic movements, those connected with the business

cycle and those of a random character. Secular trends, viewed

as non-cyclical movements, refer therefore to economic move-

ments of longer duration, expressing the relatively long-run
effects of the forces making for change. In view of the in-

clusion of random movements under cycles, the secular trend

of a series, defined as its non-cyclical movement, must not be

considered as strictly bisecting successive cycles; it may, at

times, have to be considered with reference to several cycles

taken together, so that the movement underlying the en-

semble of cycles may be properly exposed. Understood in this

way, secular trends are not perfectly precise components of

the total movements of production, but they are sufficiently

precise for statistical purposes. They are economic realities

which invite systematic investigation, quite as much as the

short-run fluctuations which have inspired 'such extensive

study in recent years.
4

II. MEASUREMENT OF PRODUCTION TRENDS

Secular trends of production express the growth (includ-

ing decadence under this term) of industries; and it is only
because the growth of economic quantities is a question of

large interest that secular trends are important. In delineat-

ing secular trends of production, what we really do is to mea-

sure growth. But the mere direction of trend lines does not

suffice for effective comparisons of the growth tendencies of

determined on the basis of turning points in general business. The results of

his researches will be incorporated in Volume II of his Business Cycles, a forth-

coming publication of the National Bureau.
* For a further discussion of the concept of secular trend, see this chapter,

sec. III.
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different industries in given periods or of given industries

in different periods. A common unit of the direction of trend

lines is necessary; this cannot be given by the absolute rate

of movement of trend lines, but it can be given by the loga-

rithmic rate of movement of trend linesi or the percentage
rate of movement. Of the various attributes of trend lines,

the percentage rate of change provides the common unit

which should prove most satisfactory in comparing the sec-

ular trends of industries.

i. Exponential Curves for Decade Periods

An excellent measure of the average percentage rate of

change per time unit is yielded by a trend line of the simple

exponential type.
5 However, when the periods of production

series are long, exponential curves will ordinarily fail to

embody the central notion concerning secular trends, ex-

plicated in the preceding section; for they will rarely trace

o Let the exponential function be written as y = ab*, where y is produc-
tion and x is time. Then, the average percentage rate of change per time

abx-n afox
unit is given by 100

( ) m ioo(b i). The average percentage
ab*

rate of change obtained from the equation of a simple exponential curve

fitted to a production series gives a better indication of the average rate of

giowth than an average of percentage changes computed directly. An arith-

metic mean of year-to-year percentage changes is defective because the theoret-

ical scale of percentages is limited at one end but not at the other. A
geometric mean of percentage changes is preferable to an arithmetic mean,
since it is based on the logarithms of percentage changes (or rather link

latios), and therefore gives equal weight to changes of equal proportionate

magnitude. The geometric mean of percentage changes has nevertheless a

serious defect: it is absolutely conditioned by two items, the initial and final

values, and these may of course be of 'accidental* magnitude. The geometric
mean can report what happened from one time unit to another, but not what

happened during the period marked off by them, and is therefore but poorly
suited to yield the kind of information about growth that is here desired.

Clearly, an exponential curve affords a better method of averaging year-to-

year percentage changes: it embodies the essential idea of the geometric
mean and, at the same time, takes full account of the internal structure of

the historigram.
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out the non-cyclical movements of the series accurately.
8

Hence, it has been deemed necessary to break up our series

into segments, and to fit exponential curves to each of the seg-

ments. Such trend lines have an element of artificiality in that

they are discontinuous. At times discontinuities in secular

movements are real, as when a fundamental change takes place
in the conditions underlying an industry's operation. But

such changes do not occur frequently; and in order to ap-

proximate continuous trend lines for the various series and

in that way obtain more faithful records of secular changes,

exponential curves have been determined for two sets of suc-

cessive segments for each series, one set overlapping the other.

Exponential curves have been fitted to intervals of about

ten years, the length of the time segments being determined,

however, only in part by logical considerations. It was de-

sirable to make the periods fairly short in order to insure

that the trend lines follow faithfully the paths of secular

changes, but the periods had yet to be distinctly longer than

the average duration of cycles in order to prevent a distortion

of the trends by the cyclical factor. In pursuing our inquiry
into secular movements, it was practically essential that the

trends of the various series cover intervals of constant dura-

tion and identical calendar timing. In all, ten-year intervals

of customary dating (1870-79, 1880-89, and so on) seemed

satisfactory; but the circumstance of cyclical high points
7 in

a fair number of production series at 1890, 1900, 1910, and

To be sure, exponential curves give satisfactory fits in some cases, as in

flaxseed consumption, fish catch, and cigarette production; but in the ma-

jority of cases, they afford inadequate fits; and occasionally, absurd fits, as in

cane sugar or steel production. Even when an exponential curve yields a

moderately good fit to a series taken as a whole, it may give an extremely

poor fit to certain segments of the series, as when the fitted line of trend

marches on imperiously at a rapid and uninterrupted pace, while the series

shows a mild rise or even decline during some ten-year interval. A case in

point is cigarette production, a very rapidly growing industry, which neverthe-

less experienced a declining trend during the decade 1895-1905.
i See below, pp. 38-40.
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1920, and the desideratum of conveniently centered 'decades',

led to the use of eleven-year periods bounded by round dates

(1870-80, 1880-90, and so on).
8 These were supplemented by

overlapping periods, shifted by five years from the first, to

give another set of continuous time segments (1875-85,

1885-95, and so on). The term 'decade
1

is convenient and is

used hereafter in referring to these periods.

Trend lines have been fitted to overlapping periods in

order to establish a more detailed and faithful record of

secular change than would otherwise have been had. In many
series, a single set of successive decade trends would have left

entirely unreported some significant change in the secular

movement. The production of cottonseed cake and meal

furnishes an instructive example. Starting with 1870, the

output shows an upward trend in each decade. The same is

true starting with 1875, except for the decade 1915-25. What

happened is that cake and meal production rose more sharply
in the first few years of the decade 1910-20 than it declined

in the last few years, and rose more sharply in the last few

years of the decade 1920-29 than it declined in the first few

years. Clearly, what occurred during the decade 1915-25 is as

much a part of the trend history of this industry as what hap-

pened during 1910-20 and 1920-29. To have worked with a

single set of decades would have seriously restricted the valid-

ity of the further analysis to which the decade trends were

subjected. The use of overlapping decade trends overcame

in a measure and, of course, implicitly the difficulty of trend

discontinuity.

In the substantive parts of this work, our interest will be

confined to the average annual percentage rates of change
which the exponential curves yield. These average annual

percentage rates of change over decade intervals may be

s Since most of the series analyzed do not extend beyond 1929, the period

1920-29 is an exception.
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briefly termed 'decade rates'. Before going further in the

description of our technique of trend measurement, it is im-

portant that the exact significance of the decade rates for a

given production series be fully understood. Each set of suc-

cessive decade rates records the average annual rate at which

production increased (or declined) decade after decade dur-

ing the period covered by the series. The two sets of successive

decade rates, taken separately, may show somewhat different

patterns of growth; but this is only to be expected, first, be-

cause the full periods covered are not exactly the same, second,

because secular trends may be reversible over periods longer
than a business cycle. Once the two sets of decade rates are

combined in a chronological sequence, the technical limita-

tions of each are largely overcome, while the meaning of the

now overlapping decade rates is in no way beclouded. For

some purposes it is desirable to view them as rates at which

production increased at the central dates of the decades, since

the decade rates are but slope readings (speaking loosely) of

the exponential curves. 9
Regarded from this standpoint, the

decade rates constitute quinquennial observations on the

slope of the secular trend. But it is often preferable to view

the decade rates as applying to the full decade intervals. The
fact that the decade rates of a given series refer to overlap-

ping periods should not detract from their clear import of

being equitemporal observations on the rate of growth of an

industry.

2. Correction for the Cyclical Factor

It remains to describe the details of the technique of de-

termining the decade rates. Clearly, a rigid use of calendar

decades would have led to considerable error in the trend

computations. Since decade intervals of production series only

9 In speaking of the 'slope* of the secular trend, we shall mean the per-

centage rate at which the secular trend rises or declines.
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infrequently contain an integral number of cycles, trends for

such short intervals are likely to reflect the cyclical factor as

well as the trend proper. For any given decade, the possible

extent of trend distortion depends upon the relative magni-
tude of the cyclical swings with respect to the trend slope.

When the slope is steep and the cyclical amplitude small, the

distortion will be negligible; but in the case of a rather mild

trend slope and sharply defined cycles, the distortion may be

considerable.

In order to prevent an admixture of trend and cycle ele-

ments in the decade rate computations, the fixed calendar

decades have been used as reference periods for the decade

rates, but these rates themselves have been computed for

periods of only approximate decade duration. Let us speak
of the actual periods for which trend computations have been

made as 'working decades', and the periods to which the com-

putations are taken to refer as 'reference decades'. The

boundary dates of a given working decade were chosen so

that the end values were approximately at the same cyclical

phase, and in this way a cyclical bias in the trend of the work-

ing decade was in large part prevented. Since the trend com-

putations for the working decades were to apply to their

respective reference decades, it was necessary to circumscribe

the procedure of locating the boundary dates of working
decades so as to insure as small a deviation from the reference

decades as was compatible with the principle underlying the

use of working decades. The observance of several mechanical

rules 10
limiting the freedom of choosing boundary dates in-

10 The rules used to limit the choice of boundary dates are as follows: (i)

the working decades were allowed to vary from a minimum of nine years to

a maximum of thirteen years, (2) the maximum leeway allowed on either side

of the reference decade was two years, (3) at least nine years of the reference

decade had to be included in the working decade. However, these rules were

relaxed considerably in the computations for 1920-229 (several series extend
to 1930) because: (i) the period is one year shorter than the others, (2) the

finality of the closing year (the investigation was begun in 1930) made ac-
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sured a close time union between the working and reference

decades; at the same time, it gave sufficient flexibility to the

technique of trend measurement to free the decade rate com-

putations from the larger part of the cyclical bias.

This is the general method which has been used to reduce

the influence of the cyclical factor on the decade trend com-

putations. The exact procedure was more laborious. The first

step was to select, for a given reference decade, that working
decade u whose trend seemed to contain a minimum cyclical

bias; when several working decades were equally acceptable,

that one was chosen which conformed most closely in time

position to the reference decade. The next step was to choose,

for the same reference decade, that working decade which

seemed best calculated to compensate for whatever cyclical

bias there was in the trend of the first working decade; here

again, the subsidiary canon of choice was closeness of time

conformity to the reference decade. Quite frequently, still a

third working decade was chosen to offset the net cyclical bias

of the others. 12 These additional steps were necessary because

an integral number of cycles does not in itself insure that the

cyclical factor will not influence the trend computations.
13

curate determination of boundary dates for working decades intrinsically more
difficult than for other periods, and (3) it was desirable to limit the influence

of the extreme cyclical trough in 1921 on the trend calculations for this

decade. For special technical reasons, the rules for determining boundary dates

were relaxed somewhat in a few cases for other periods.
11 The rules for choosing working decades (see the preceding note) allowed

nineteen sets of combination dates. The range of practical choice was of

course very much smaller, since the aim was to choose working decades whose
end values were approximately at the same cyclical phase.

12 Moving decade trends might have been employed to a greater extent

than they were, and had that been feasible, something would have been

gained in the later analysis, especially in Chapter V. But the extent to which
the apparatus of moving decade trends could be reasonably employed was

limited by the technique of locating boundary dates for working decades.

Only a single set of overlapping reference decades, separated by a five-year

span, seemed at all practicable, and this was used.

13 When cyclical crests or troughs at the boundary dates are not of the same

magnitude, the cyclical factor will still enter into the computations of trends;
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With the rates of growth for two or three working decades

for a given reference decade at hand, an arithmetic mean was

struck to give the 'final decade rate*. It is submitted that these

final decade rates, generally referred to hereafter simply as

'decade rates', are the best measures that can be achieved of

the average annual rates at which the trends of production
advanced during the reference decades. The decade rates for

the series listed in Table i are presented in Appendix A,

Table 45.

Of course, the procedure of determining the decade rates

involves considerable arbitrariness, and is not 'objective* in

one of the many senses of this ambiguous term. But there is

no reason to suppose that a careful and intelligent use of the

technique by another investigator would lead to results which

would differ sufficiently to place any class of facts in a different

light. There is a tendency to overrate the value of 'objectivity'

in statistical methods. The fact that two or more persons may
go through the same standardized technique and obtain the

same results is no recommendation, as such, either for the

technique or for the results. Certainly, a mechanical method

is as arbitrary as any other, but the arbitrariness is fixed and

therefore frequently overlooked. Judgment must always play
a dominating role in the choice of statistical techniques, and

the only question that really matters is whether the judg-
ment is 'good* or 'bad*. It should be self-evident that the final

decade rates computed from working decades have much
better claim to significance and representativeness with re-

and when cyclical crests or troughs of extreme size occur at or near the

boundary dates, they may, in fact, dominate the trend. Even with all the pre-
cautions taken to restrict the influence of the cyclical factor, no more can
be claimed for our method than that it generally reduced the cyclical bia*

to small proportions. It was not always easy to achieve a nice balance between
the cyclical biases of the working decades of a reference decade. But this was
most difficult in those cases where the residual cyclical bias was relatively

small; and here, of course, it made little difference whether or not the most
suitable working decades were chosen.
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spect to the reference decades than rates computed directly

for such reference decades. It is only because the rates com-

puted for calendar decades would tell a spurious story in

many instances about production trends during these decades

that a much more laborious, and non-mechanical procedure
has been used.

3. Method of Curve-Fitting

Exponential curves are most commonly fitted by the

method of 'least squares', the criterion of least squares being

applied to the deviations of the logarithms of observation

data from a straight line fitted to the logarithms. Exponential
curves may also be fitted by the method of 'moments', the

criteria of moments being applied directly to the observation

data. The results obtained by the two methods will differ

significantly only when there are cyclical extremes at either

end of the period for which an average rate of growth
u

is

computed. Because the method of least squares involves the

use of logarithms, a low cyclical extreme exercises a larger

influence on a rate of growth computed by this method than

on a rate of growth computed by the method of moments; the

opposite is true when the cyclical extreme is a high point.

Offhand, it might seem that, if the reduction of the influence

of extreme cases is desired, there is little to choose between

the two methods. But it is known empirically that a down-

ward cyclical movement generally proceeds at a faster rate

than an upward movement in practically all industries out-

side of agriculture; this is another way of saying that extreme

cyclical troughs in production are more numerous than ex-

treme peaks. There is, then, some theoretical basis for pre-

ferring the method of moments,15 and this method has been

n Except where otherwise stated, 'average rate of growth* or just 'rate of

growth* is taken to mean 100 (b i), the constant b being derived from the

function y = abx , in which y is production and x time expressed in years.
is A minor advantage of the method of moments is that it may be used
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used in the fitting of exponential curves to our series. The
device of multiple working decades in itself tended to pre-

clude cyclical distortion of the rates of growth calculated,
16

but trend-fitting by the method of moments contributed

further to this end.

The method of moments was preferred also on practical

grounds. With the aid of Glover's 'mean value table', ex-

ponential curves may be fitted quite expeditiously by the

method of moments. 17 The burden of computation was

further reduced by the aid of a device which made it unneces-

sary to compute independently the rates of growth for the

various segments of each production series. Preliminary to

any of the calculations of rates of growth, a basic table was

set up which contained, first, the original data, second, pro-

gressive cumulatives of the data, and third, cumulatives of

the first set of cumulatives. It was then possible to compute
from this basic table the average rate of growth for any period

by going through a few simple arithmetic steps.
18 The routine

burden involved in the determination of the considerable set

of rates of growth for each series was smaller than, say, the

computing work in fitting a 'least squares
1

second degree

when there are zeroes among the observation data; of course, this is impossible
in the least squares method. This fact is of some practical import; for example,
no sulphur output was reported during a few scattered years in the period

surveyed.
16 Were it not for this, it would have been desirable to use the method of

least squares when high cyclical extremes occurred, and the method of mo-
ments when low cyclical extremes occurred.

IT See J. W. Glover, Tables of Applied Mathematics in Finance, Insurance,
Statistics (George Wahr, 1923), pp. 468-81. Except where otherwise stated,

this method has been used also in all supplementary calculations of average
rates of growth. As Glover's table.does not go beyond increases of 10 per cent

per time unit, it was necessary to extend the table in order to calculate values

above this point.
i8 This simplification is a product of the ingenuity of Mr. Howard G. Bruns-

man, now of Ohio State University. Considerations of space make a descrip-
tion of the method impractical; this is also unnecessary, as Mr. Brunsman

plans to publish the method in connection with a larger subject.
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parabola to the logarithms of a sixty-year series by the cus-

tomary method.

HI. ANALYSIS OF PRODUCTION TRENDS

The decade rates, already described, constitute a set of

fundamental measurements of the secular trends of indus-

tries. An inquiry into the behavior similarities of the produc-
tion trends of individual industries, and into the elements of

regularity in the trend of total production, is carried

through in the following chapters on the basis of these mea-

surements. It is no part of our aim to survey at this point the

substantive problems of this study, or to describe the various

statistical techniques which a/e employed in the course of

their exploration. Such matters are best treated as they come

up. But there are certain general aspects of the later statistical

analysis, which may well be noted in this place.

Granting our definition of secular trends, the form of the

secular trend line of a production series, in any particular

period, is largely independent of varying predilections of

statisticians, and of the full period to which a line of secular

trend may be fitted; that is to say, it is possible to measure

secular trends with fair 'precision'. But the secular trends of

industries are complex in their nature, and must be analyzed

from various angles in order to be grasped fully. Lines of

secular trend trace out paths more or less undulatory and also

have an underlying general sweep; both types of movement

are of interest and significance.

It is convenient to refer to the general sweep of the secular

trend of a series as its 'primary trend'.10 A line of primary

i This term is used in a broader sense than by Professor Kuznets. See his

Secular Movements in Production and Prices (Houghton Mifflin, 1930), pp.

70-2. The term 'trend* is used frequently in this work without qualification:

ordinarily, 'trend* refers to 'secular trend'; at times, it refers to 'primary
trend'; and in some cases, as in the title of the work, it refers generically to

'secular trend* and 'primary trend*. However, the meaning should be clear
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trend will trace out synoptically and elegantly the general
secular movement, without giving much heed to the details

of the movement. If the secular trend has already been de-

termined, the primary trend may be established by fitting a

simple mathematical curve to the ordinates of secular trend;

this may be done irrespective of whether the line of secular

trend is continuous or discontinuous.20 If the secular trend

has not yet been determined, the primary trend may be estab-

lished by fitting a simple mathematical curve directly to the

data. In either case, the line of primary trend will generalize

movements of longer duration than those generalized by a

line of secular trend.

While the secular trend, as we have defined it, can be mea-

sured with a fair degree of 'precision', the primary trend can-

not. There is considerable latitude for judgment in choosing
a curve to represent the primary trend; and its exact form

is not independent of the period covered, even with a given

type of curve. However, if the primary trend be viewed in-

strumentally, a degree of certainty can be attained in its

measurement. The nature of the problem leading to the

measurement will then determine whatever definiteness and

significance the primary trend will have. 21 Thus, if there is

little point in inquiring about the average annual rate of

increase in the world output of wheat since 1500, a primary
trend embodying an answer to this question will also lack sig-

nificance. On the other hand, if there is some point in inquir-

ing about the average annual rate of increase of wheat pro-

from the context, since qualifying terms have been added where the sense

might be ambiguous.
20 In the case of our measurements of secular trends by 'decade rates', dis-

continuous lines of trend are only implicit; but they can be made explicit by
the use of the criterion of the zero moment. See Ch. IV, sec. I, for another

approach.
21 Professor Mitchell has pointed out the serious limitations which attach

to an empirical approach to trends; see his Business Cycles, cited above, pp.
$12-26. Kuznets* Secular Movements, previously cited, is an example of an in-

quiry into production trends guided by the light of theory.
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duction in the United States since 1870, a primary trend

embodying an answer to this question will also have some

significance. But the form of the primary trend will still be

indefinite, since it may be either a straight line or an exponen-
tial curve, according as average annual rate of increase is

regarded in absolute or percentage terms; the problem will

therefore have to be defined more specifically before the

primary trend can be determined with assurance. Or take

another problem, which brings out more forcefully the cor-

respondence between questions concerning long-range move-

ments and the primary trends to which they lead. Suppose
that growth at a declining percentage rate is considered as

the outstanding characteristic of the history of pig-iron pro-

duction in the United States, and that it is desired to give

mathematical expression to this characteristic. In this case,

the choice of a mathematical curve to represent the primary
trend is limited to functions such as the simple logistic, the

Gompertz equation, or the 'logarithmic' parabola which

possess the characteristic of advance at a declining percentage
rate. Suppose, now, that the aim is not only to indicate the

presence of decline in the percentage rate of growth of pig-

iron production, but also to measure the average rate of

retardation per time unit over the period covered. In this

case, a parabola fitted to the logarithms of the production data

is the proper mathematical curve to represent the primary
trend; for only this function can answer directly the question
which has been asked.

Two conceptions of primary trend form the basis of much
of the later statistical analysis: that defined by the average

percentage rate of growth, and that defined by the average

percentage rate of retardation. The former is investigated in

section I of Chapter III and section II of Chapter VI, the

latter in Chapter IV and section III of Chapter VI. It goes

without saying that the full significance of the specific ques-
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tions implicit in these measurements of primary trends can

be clearly seen only in the light of the more general purposes
which those questions subserve. If a summary of the progress

of the iron industry were confined to two formulations of

primary trend, one yielding an average rate of growth and

the other an average rate of retardation, their significance

might be small. But when measurements of the primary
trends of this industry are taken together with similar mea-

surements for many industries, as is done in this study, they

acquire considerable significance; for the ensemble of pri-

mary trends serves to indicate certain general characteristics

of national progress.

The detailed course of the secular movement of an in-

dustry may be investigated by a variety of methods. If the

aim of these methods be summarization, they will have the

common feature of measuring the undulatory movement of

the secular trendthat is, its instability. There are various

aspects of the instability of the secular trend of a series, which

different methods will seek to ascertain. If interest center in

the continuity of growth of an industry, the degree of uni-

formity with which its secular trend has an upward direction

will be determined; if in the persistence of growth of an in-

dustry, the frequency with which its secular trend changes
from an upward to a downward direction, and vice versa; if

in the variability in the rate of growth of an industry, the

degree of variation in the slopes of its secular trend at dif-

ferent periods. Similar questions concerning instability may
arise with respect to retardation of growth, and they may be

similarly resolved. Finally, the instability of the secular trend

of an industry may be considered from the standpoint of

the amplitude of its oscillatory movement, the primary trend,

appropriately measured, having first been eliminated. The
more important of these aspects of the instability of secular

trends are considered in the following chapters chiefly in
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section II of Chapter III, section II of Chapter IV, Chapter
V, and section III of Chapter VI.

Measures of the detailed course of the secular trend may or

may not prove useful summaries in the case of any one indus-

try. But when a large number of industries is covered, such

measures become powerful instruments in the description of

the general characteristics of industrial progress. For this pur-

pose, however, detailed measurements of the oscillatory move-

ments of the secular trends of industries, an adjustment hav-

ing been made for their primary trends, are probably more

significant than any summary measures of the instability of

secular trends; for a large degree of industrial concurrence in

such oscillatory movements we may speak of them conven-

iently as 'trend-cycles', that is, cycles in secular trends would

indicate that a long-term rhythm was pervasive in the econ-

omy. If the trend-cycles of individual industries were uncor-

related, they would be of little importance except for an un-

derstanding of the histories of specific industries. On the other

hand, if they synchronized to a considerable degree, they
would indicate the existence of a general trend-cycle in the

economic system. They would furnish, therefore, an impor-
tant datum for the acumen of the theorist. The oscillatory

movements of production trends are investigated in detail in

Chapter V.



Chapter III

THE CHANGING PATTERN OF
PRODUCTION

HE outstanding characteristics of the economic progress
in the United States since the Civil War have been increase

and change in wants and activities. The total volume of na-

tional production has increased rapidly, as has the volume of

production of major industrial groups. But the rate of ad-

vance has been uneven in the various individual industries,

and in any one industry at various times. The growth of

general production has therefore been accompanied by a con-

tinual transformation of its pattern. With the incessant in-

troduction of new commodities and services, disappearance
of old commodities, and shifts in the relative importance of

continuing products, vast changes have occurred in the quali-

tative composition of national industry. The aim of this

chapter is to present, so far as our limited list of production
series will permit, a general description of these changes.

I. DIVERGENCE OF PRODUCTION TRENDS
Two methods might be used in presenting a statistical pic-

ture of changes in the pattern of production. One is to deter-

mine at given dates the relative contribution of the various

individual industries to the aggregate of national output. The
other is to compare the rates of growth of the individual in-

dustries either at given dates or over given periods of time-
more precisely, to compare the instantaneous or average per-

centage rates of advance of the secular trends of the various

49
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industries. The first method presupposes the possibility of

commensurating the outputs of different industries;
* how-

ever, since any commensuration must be executed in terms of

a single attribute of the produced goods, it will inevitably be,

in some degree, unsatisfactory. The first method presupposes
also that statistical records of the outputs which are to be

commensurated are available in sufficient abundance to yield

significant aggregates of production, but statistical data fall

short considerably of this desideratum. It is practically im-

possible, then, to determine the changing contribution of in-

dividual industries to the total stream of production; though
this might be done for that portion of the total production
which is covered by the statistics, or for the production of

certain industrial groups. With data restricted in quantity and

not admitting of satisfactory general commensuration, it is

preferable to use the second and theoretically inferior method,

that of comparison of rates of industrial growth.

i. Statistical Record of Divergence

A telescopic view of the changes in the pattern of national

industry will be obtained by comparing the average rates of

advance of our series during the period investigated. The

average annual rate of growth of each industry has been de-

termined by taking an arithmetic mean of its decade rates. 2

i General commensuration of 'produced* goods can be accomplished in

terms of value or of expended labor; these are the only measurable aspects

possessed by all 'produced' goods. However, partial commensuration, that is,

for limited branches of industry, can be accomplished in other units: for the

class of commodities, in terms of weight or cubic content; for the subclass of

foods, in terms of calories (or British thermal units) such a study covering
a considerable number of years is now contemplated by Dr. Baker of the

Department of Agriculture; for the subclass of fuels, also in terms of calories

(or British thermal units) such a study is reported in Mineral Resources,

1929, Part II, p. 699. See Ch. I, sec. I, and Ch. VI, sec. I.

2 An average calculated in this way is influenced to a smaller extent by
erratic values than an average yielded by an exponential curve fitted to the

full period of the series, though the two methods lead generally to closely
similar results. Theoretically, an arithmetic mean of decade rates is inferior
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Average rates have been computed for the period 1885-1929
which is covered by all the series,

8 in order to achieve strict

comparability among them; and additional averages have been

struck for whatever periods the individual series embrace, in

order to utilize the statistical records to the full. The degree
of divergence in these average rates of advance will serve to

indicate the extent to which the pattern of production has

undergone modification. It must be noted, however, that even

if the ratios of all inter-industry physical outputs remained

constant, which would be the case if the physical outputs of

all industries grew at the same percentage rate, the relative

contributions of the different industries to the stream of pro-

duction might still be inconstant from the standpoint of some

such measure of output as 'net value product*.

A summary of the average rates of industrial growth is pre-

sented in Table 3 and Chart i. Two frequency distributions

are given, one comprising the rates 4 of advance of 64 pro-

duction series over the period 1870-1929, and the other the

rates of advance of 99 production series over the period 1885-

1929-
5 This summary shows that the rates of increase of the

to a geometric mean: first, because an arithmetic mean of percentages has

an 'upward bias'; second, because only a geometric mean of the 'slopes' of

a number of spliced exponential curves can yield trend values at the first

and last dates of the entire period, which are identical with the trend values,

defined by the subperiod exponential curves, at those dates. However, the

second advantage is nominal since the decade rates refer to overlapping pe-

riods; and apart from the overlapping, the exponential curves, implicit in the

decade rates, are not spliced (see Ch. II, sec. II, a). The first advantage is of

slight importance in view of the restricted range of variation of the decade
rates (in the averaging process, the decade rates are, essentially, taken in

ratio form, that is, as 1.054, 1.047, an(* so on, not as 5.4 per cent, 4.7 per cent,

and so on). The arithmetic mean of decade rates therefore recommends itself

on grounds of simplicity in computation.
s Except fermented liquors and distilled spirits, which terminate in 1918.
* The term 'rate* is used synonymously with 'average rate', 'average annual

rate', and 'average annual percentage rate', throughout this chapter and also

in section II of Chapter VI.

Though a few of the 64 series do not extend to 1870, all go back suffi-

ciently far to allow the computation of 'decade rates' for 1870-80. This group
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Table 3

FREQUENCY DISTRIBUTIONS OF AVERAGE RATES OF INDUSTRIAL

GROWTH, DURING 1870-1929 AND 1885-1929

various industries have been sharply divergent during the

period covered. The middle half of the rates of the 64 series

covering the period since 1870 fall within the range from 2.0

to 6.5 per cent. How great a transformation this indicates in

the structure of American industry may be gathered from the

fact that if two industries had each 100 units of output in

1870, but one grew at a constant annual rate of 6.5 per cent

and the other at a rate of 2.0 per cent, the first would be

does not include certain duplicative series which go back to 18701013! coal,

and minor fiber imports. The group of 99 series contains all of the series

listed in Table i, except for five duplicative series. This group will be referred
to as the 'all' series group without further qualification. The exact composi-
tion of the two groups is stated in Appendix A, Table 46, columns a and e.
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producing over thirteen times as many units as the second

by 1929. And as a matter of fact, the change in the pattern

of our national industry has probably been very much greater

than the frequency distributions suggest; for they are re-

stricted to continuing industries, and exclude completely the

new industries which have appeared and the old industries

which have vanished that is, the most dynamic portions of

the production system.

Chart 1

FREQUENCY DISTRIBUTIONS OF AVERAGE RATES OF GROWTH
DURING 1870-1929 AND 1885-1929

1865-1929

(99 strlti)

Per

cent

20

10

-3 I 5 9 13 17

Average annual percentage rate of growth

-31 5 9 13 17 21

Average annual percentage rate of growth

J

25

The detailed record of the variations among the rates of

industrial growth is presented in Tables 4-8. These tables

do not exhaust the range of industry; inadequate data account

for the omission of forestry and the various professional and

personal service industries. In the upper portion of Table 4,

the rates of increase since 1885 f <a^' series are summarized

according to various resource groups of industries. Taken by

itself, this summary is of doubtful meaning, because the pro-

duction series differ very considerably in^the degree of gen-

erality of their industrial reference and in the significance of
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Table 4

FREQUENCY DISTRIBUTIONS OF AVERAGE RATES OF GROWTH
DURING 1885-1929, FOR 'ALL* SERIES AND BASIC SERIES,

BY INDUSTRIAL GROUPS

their industrial coverage. For this reason, the summary is

restricted in the lower portion of the table to 59 basic series,
6

* Though the criterion of basicity was not formulated in precise terms, the

points are few at which doubts are likely to arise as to the propriety of the
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Table 5
RATES OF GROWTH OF INDUSTRIES! AGRICULTURE AND FISHERIES

(Unit: one per cent)

Agriculture

Fisheries
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these constituting a relatively homogeneous group. Average
rates of increase of each of the production series are pre-

sented in Tables 5-8 according to the industrial divisions of

Table 4 and also various subdivisions. 7 These average rates

serve to indicate, first, certain major shifts in the structure

of the several industrial groups, and second, shifts in the

relative importance of these groups in the total production

system.

The one common feature of the several industrial groups
is the very much smaller degree of divergence of production
trends among basic than non-basic industries. Since the rates

of advance of the basic series are at a medium level, the ex-

tremes on the growth scale of the 'all' series group are ob-

viously accounted for by non-basic series. At the upper end of

the growth scale are found such industries as beet sugar,

raisins, sulphur, Portland cement, aluminum, and cigarettes-

all of which are relatively new industries. At the lower end

of the growth scale are found such industries as cane sugar,

whaling, mercury, non-Portland cements, and roofing slate-

all of which are relatively old industries.

Within the several industrial divisions, the divergence of

production trends is rather moderate in the agriculture and

fisheries division, but very extensive in the divisions of min-

ing, manufactures and construction, and transportation and

trade. Since the outstanding agricultural staples show a fair

degree of similarity in their rates of growth, a goodly portion
of the shifts in agriculture is traceable to the introduction of

classification; see, however, p. 183, note 10. The judgment was made with
reference to the period covered rather than the present. With minor excep-
tions, the basic series are drawn from the 'all* series group. The 59 basic

seriesthey are listed in Appendix A, Table 46, column /will be referred to

as the basic series group without further qualification.
f In view of the method used in determining the decade rates (see pp.

39-41), the measures refer to, but are not always based exactly on, the pe-
riods stated in the tables. This holds for all other tables as well.
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Table 6

RATES OF GROWTH OF INDUSTRIES: MINING

(Unit: one per cent)



PRODUCTION TRENDS

Table 7

SROWTH OF INDUSTRIES: MANUFACTURES

AND CONSTRUCTION -

(Unit: one per cent)
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Table 7 (cont.)

RATES OF GROWTH OF INDUSTRIES: MANUFACTURES

AND CONSTRUCTION

(Unit: one per cent)

59
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Table 7 (cont.)

RATES OF GROWTH OF INDUSTRIES: MANUFACTURES

AND CONSTRUCTION

(Unit: one per cent)

These series are repeated from Tables 5-6.

new crops, such as sugar beets, raisins, and various vegetables,

and to the decline of pasture, as reflected in the trend of wool

production. In contrast to the agricultural industries, the

minerals evidence very considerable variability. The series

of manufactures resemble the minerals in the striking diver-

sity of their rates of advance. Their variability would doubt-

less be appreciably greater if the list of series contained a larger

number of specific and minor commodities; for "a growing
share of our manufacturing product now consists of unessen-

tials man's toys and playthings/' the demand for which is

"determined largely by fashion and caprice."
8
Finally, though

the transportation and trade series show only a moderate de-

gree of divergence in their trends, the shifts in the pattern

V. S. Clark, History of Manufactures in the United States, 1860-1914

(Carnegie Institution of Washington, Publication No. 2156, Vol. II, 1928).

p. 836.
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Table 8

RATES OF GROWTH OF INDUSTRIES: TRANSPORTATION AND TRADE

(Unit: one per cent)

Transportation

Trade

of this industrial division have, as a matter of fact, been very
extensive. One reason why they are not disclosed adequately
is that certain new transport agencies, the telephone, wire-

less, automobile, pipe line, and airplane, which have grown
at extremely rapid rates, are not covered in our list of series.

Another reason is that most of the series in the trade and

transportation group are of exceptionally broad industrial

scope.
9

A close inspection of Tables 4-8 will suggest, and addi-

tional evidence is presented in Chapter VI, that the various

Concerning defects in the original series, which are reflected in the mea-
sures of their average rates of growth, see Appendix C, I.



62 PRODUCTION TRENDS

major industrial groups have themselves grown at widely

unequal rates.10 Among the major branches of commodity

production, mining has grown at a spectacular rate, manu-

facture at a somewhat lower rate, and agriculture at a de-

cidedly lower rate. Some fifty to sixty years ago, agriculture

was dominant, mining of relative insignificance, and manu-
factures were only beginning to step into their stride. At

present, the elaborative industries are the dominating form

of economic activity, and the mineral industries occupy the

key position in our mechanized industrial system. The only
other industrial groups covered in this survey are the fish-

eries, transportation, and trade. Though the fisheries industry
has been mildly progressive, it has declined sharply in rela-

tive importance. Transportation and trade have increased in

relative importance. As for forestry and the various personal
service industries, which are not included in our survey, the

former has declined in relative importance, while the relative

trend of the latter has increased.

2. Causes of Divergence

Of late, a number of economists, most notably Cassel, have

explicated the notion of a progressive economy, characterized

by a rate of advance constant over time and uniform for all

goods and agents of production including population. What-

ever the merits of this conception may be for some problems in

economic theory, it is certainly misleading to term such a hy-

pothetical economy 'progressive'. For when all intercommodity
relations of sequence, complementariness, and joint produc-
tion are assumed to be constant, as is the number and kind

of commodities, and the responsiveness of nature to man's

10 See pp. 264-8. See also P. K. Whelpton, "Occupational Groups in

the United States, 1820-1920," Journal of the American Statistical Association,

September, 1926; A. R. Eckler, "Occupational Changes in the United States,

1850-1920," Review of Economic Statistics, May, 1930; and R. G. Hurlin and
M. B. Givens, "Shifting Occupational Patterns" (Ch. VI of Recent Social

Trends in the United States, Vol. I, McGraw-Hill, 1933).
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efforts, practically everything 'progressive' is omitted from

the economy so termed. Industrial changes which we consider

'progressive* comprise revisions of productive techniques, con-

servation in the use of raw materials, changes in the number
and kind of commodities produced, and so on. Such changes
take place incessantly, and as their impact on various indus-

tries is unequal, they lead to divergent production trends. A
progressive economy is always characterized by differences in

the rates of development of its individual industries.

The very causes which have determined the rapid advance

of general production in this country since the Civil War
have also determined the divergence in the trends of its sepa-

rate industries. Progress in the general economy has been

marked by the invention of new commodities, development
of new raw materials, and discovery of new mineral resources;

by changes in the methods of production, transformation of

industrial equipment, recovery of waste products, and changes
in the forms of industrial organization; by an increase in the

number of uses to which given raw materials are put, and in

the number of materials put to given uses; and by an emer-

gence of a variety of luxury products and style goods. These

changes have resulted in an increasing divergence of produc-
tion trends, for they have served to stimulate or depress, but

to an unequal extent, the development of the various in-

dustries. Taking the economic system as a whole, the conse-

quence has been that intercommodity relations of sequence,

complementariness, and joint production have tended to be-

come increasingly flexible; or to put it differently, those tech-

nical relations among commodities which make for similarity

in rates of industrial growth have tended to diminish in im-

portance.
The rates of industrial growth presented in Tables 5-8

illustrate abundantly the results of progressive developments,
the differential extent of these developments in the various
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industries, and the impact of changes in the outside economy
all of which have made for divergence of production trends

and, consequently, for shifts in the pattern of our national

industry. For example, the trend towards more effective work-

ing of natural deposits is reflected in the rapid growth of the

sulphur, copper, and petroleum industries; the trend towards

increasing reclamation of waste products, in the rapid growth
of the cottonseed products industries; towards reuse of mate-

rials, in the more rapid advance of steel than pig iron; towards

better utilization of materials, in the respective rates of ad-

vance of feed crops and meat products;
n towards increasing

roundaboutness in the methods of production, in the gener-

ally more rapid growth of producers' goods than consumers'

goods industries; towards improvement in agricultural tech-

nique, in the rapid growth of the phosphate industries; to-

wards improvement in the quality of production, in the down-

ward trend of the number of locomotives manufactured; and

towards industrial diversification, in the sharp contrast be-

tween the rates of growth of such commodities as Portland

and non-Portland cements, petroleum and coal, and cigarettes

and other tobacco products. The resistance of nature to pro-

gressive developments is reflected conspicuously in the trends

of the whaling, mercury, gold, and anthracite coal industries.

The impact of changes in the outside economy on the de-

1 i The rates of increase of the animal slaughter series are higher than the

rates of growth of any of the feed crops except barley, which is not a feed

crop of outstanding importance. This contrast is more striking in the light
of the decline in pasture acreage, which averaged 3 million acres per year be-

tween 1880 and 1920 (Yearbook of Agriculture, 1923, p. 317). A large portion
of the difference between the two groups of series is accounted for by the

defective statistical constitution of the animal slaughter series (see Appendix
C, I). But several economic factors have conduced to the difference: the in-

creasing efficiency of animals in converting feed into live weight, the recent

decline in the population of work animals, the declining use of the so-called

feed crops for purposes of human consumption, and the rapid growth of sev-

eral minor feed crops (not included in Table 5) and certain manufactured
feeds. Probably, the net exports of feed crops have also tended to decline

relative to their total output (see p. 149).
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velopment of domestic industries is reflected, for example, in

the trend of jute imports, and in the discrepancy between the

rates of production and consumption of wool, flaxseed, cot-

ton, and copper. Finally, the growth of general welfare and

change in methods of living are reflected in the sharp rates

of advance of silk,
12
rubber, and cocoa imports, in the higher

rate of growth of the sugar than the flour industry, and in the

rapid advance of canned foodstuffs. Considerable divergence
of production trends is, then, one of the essential features of

a progressive economy. The more rapid the rate of general

progress, the greater is the divergence of individual produc-
tion trends likely to be; and some statistical evidence is pre-

sented later to show that the divergence of production trends

has actually varied with the degree of progressiveness of our

economy.
13

Sharp discrepancies among rates of industrial growth are

not, however, characteristic of a progressive economic system

alone; they may also be found in a retrogressive economy.
What distinguishes a progressive from a retrogressive system
is the type of skewness, not the dispersion, of a distribution

of rates of industrial change. In a progressive economy, as we
know it, new industries are continually started, and occa-

sionally, old industries are rejuvenated. The rate of growth of

such industries is, generally, excitingly rapid; and this factor,

quite apart from others working in the same direction, tends

to produce a decided 'positive* skewness. When the rates of

industrial growth are skewed towards the higher values, the

indications are that the forces making for growth in the eco-

12 It must be noted that our series of silk imports, though fair indicators

of the growth of the domestic silk manufacture, cannot be used to indicate

the trend in domestic consumption of silk products. While imports of manu-
factured silk are at present dwarfed by the domestic output, such imports
were much more extensive than the domestic output during the 'seventies.

See F. W. Taussig, Some Aspects of the Tariff Question (3d ed., Harvard

University Press, 1931), pp. 221, 408.
See pp. 242-3.
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nomic system are in the ascendent over the forces making for

decline. In a retrogressive economy, on the other hand, there

will be few industries growing at a rapid rate, but many
will be declining, a number of them at a rapid rate, and some

perhaps the pivotal ones exercising a downward pull on the

system at a very rapid rate. A distribution of rates of indus-

trial change will therefore tend to be skewed 'negatively
1

in

a retrogressive economy; and the skewness towards the lower

values will reflect the dominance of the forces making for

decline in the system over the forces making for growth. De-

spite their restricted industrial scope, the frequency distribu-

tions of Chart i show definitely a positive skewness. While

they do not (and could not) reveal accurately the specific

outlines of an ensemble of the rates of growth of all industries,

they possess that general form which one would anticipate a

priori.
14

We noted in our statistical survey that the primary trends

of production (as expressed in long-range average rates of

growth) of basic industries are less divergent than of non-

basic industries, and of agricultural industries than of min-

i* The analysis would not be changed materially for weighted frequency
distributions of rates of industrial change, weights being assigned to the

various industries according to some index of their importance; for, the im-

portance of industries is correlated with their rates of growth, the more

important industries being characterized by medial rates of growth, and the

less important by extreme rates. If anything, the degree of 'positive' skewness

would probably be somewhat accentuated in the case of a weighted frequency
distribution of rates of industrial change in a progressive economy; for there

is some tendency for industries with extremely high rates of growth to be,

on the whole, of greater importance than industries with extremely low rates

of (algebraic) growth. The opposite is probably true of a retrogressive econ-

omy. It should be carefully noted, however, that our various statements con-

cerning a retrogressive economy proceed on the implicit assumption that,

since retrogression is the opposite of progress, a frequency distribution of

rates of industrial change in a retrogressive economy will be the antithesis of

a distribution for a progressive economya plausible assumption, to be sure,

but one which might easily be invalid, if only because our knowledge of a

progressive economy is confined to what may be merely a single type of

progressive economy, and our knowledge of even that is not very great. See

Ch. IV, sec. Ill, i.
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erals or manufactures. The smaller divergence of the produc-
tion trends of basic than of non-basic industries derives, in

part, from the closer technical ties uniting them, and in part,

from their considerable size, which makes sharp rates of ad-

vance or decline unlikely. The rather moderate divergence of

production trends in agriculture is due chiefly to the gradual-

ness of change in the relative demand for agricultural prod-

ucts, itself a result in large part of the considerable extent to

which they are substitutive in production and consumption;
but it is due also to the interlocked character of much of

agricultural production, as of feed crops and animal products,
and to the similarity of foreign influences on individual agri-

cultural industries, especially the various food products. The

considerably greater divergence of production trends in the

mining and manufacturing industries is due principally to

the fact that their products serve, on the whole, more dis-

tinctive uses than do those of agriculture; that mineral prod-
ucts and manufactures, especially the latter, are subject to

sharper changes in consumption habits, when long periods
are considered; that they reflect the increasing roundabout-

ness and mechanization of all industry, including agriculture;

and that their productive resources, especially in mining,
while varying widely in quality, are highly specialized and so

do not admit of the mobility possible in agriculture.

But these several divisions of commodity production have

themselves grown at unequal rates. This is traceable to dif-

ferences in the type of demand for, and in the comparative

advantage of this country in the production of, their respec-

tive products. As agriculture yields mainly foodstuffs and

textile materials, the demand for which is fairly inelastic, its

output has tended to grow at a rate not very much faster than

population. The growth of manufactures has been much

greater, since the increasing prosperity of the nation has ex-

pressed itself in increasing wants for and increasing variety of
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elaborative products. The rapid growth of manufacture arid

transportation and their increasing mechanization have served

to make the rate of growth of the mining industry exceed that

of the other branches of commodity production.

However, the changing comparative advantage of the

United States in the production of agricultural and non-

agricultural commodities has been, perhaps, of even greater

importance than the difference in the conditions underlying
the demand for these two classes of products. Between the

close of the Civil War and the turn of the century, our agri-

culture expanded at a rapid rate, while agricultural exports
were so extensive that the United States came to be known
as the 'granary of Europe'. But beginning with 1900 or so,

our export of foodstuffs has declined steadily, except for the

War and immediate post-War years; and though our export
of cotton and tobacco continued to increase after that date,

the advance has been relatively small. As a nation we might
of course have continued after the turn of the century to de-

vote our industrial energies to agriculture in relatively the

same degree as formerly, utilize our surplus productive pow-
ers in the feeding of other nations, and obtain in return a

variety of manufactures. This did not happen because we
found it more advantageous to devote an increasing portion
of our energies to nonagricultural pursuits. On the one side,

mechanized industry was making tremendous headway in

the United States. Our mineral resources were exploited

energetically, if only for the reason that "in no other country
can the mineral raw materials as a whole be delivered to

manufacturing industry at lower prices."
15 And as increas-

ing progress was made in the standardization, mechanization,

and mass production of commodities, the United States ad-

is F. G. Tryon and L. Mann, "Mineral Resources for Future Populations"

(Ch. VIII of Population Problems in the United States and Canada, ed. by
L. I. Dublin; Pollak Foundation for Economic Research, 1926), p. 112.
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vanced to the front rank among manufacturing nations. On
the other side, the agricultural map of the world was chang-

ing. While the decline in virgin lands was beginning to re-

vise agricultural costs in this country, certain other regions
which were experiencing the first flush of agricultural ex-

pansionArgentina, Australia, Canada, Russia, and India-

were offering severe competition to our products in foreign

markets. The changing position of the United States in the

production of agricultural commodities was reflected, during
the decade or two before the World War, in a relative rise of

agricultural prices with respect to both manufactures in this

country and agricultural commodities abroad.16

II. INCONSTANCY OF RATES OF GROWTH

Changes in the pattern of national industry are disclosed

in only the most general way by a set of long-term average
rates of growth. Such rates imply trends of production of a

simple exponential type; but as a matter of fact, few indus-

tries have traced out such trends over the past half-century
or so. 17

They imply further that the relations among industrial

trends have changed in a constant manner, but these relations

have actually been inconstant from decade to decade. They
might be interpreted to mean that industries having the

same average rates of growth have also the same secular trends,

but identical averages at times result from widely differing

secular trends. Not only has the pattern of production under-

gone tremendous shifts, but these shifts themselves have not

followed any simple plan. Or to put it differently, marked

variations in the rates of growth of given industries over time

have been superadded to differences in rates of industrial

growth at any one time.

A glimpse into the inconstancy of the rates of growth of

*See pp. 149-50, and E. G. Nourse, American Agriculture and the Eu-

ropean Market (McGraw-Hill, 1924), Ch. I and Appendix B.
17 See p. 36, note 6.
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Table 9
MEASURES OF INCONSTANCY OF GROWTH OF INDUSTRIES

Agriculture and fisheries

Mining
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Table 9 (cont.)

MEASURES OF INCONSTANCY OF GROWTH OF INDUSTRIES

Mining (cont.)
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Table 9 (cont.)

MEASURES OF INCONSTANCY OF GROWTH OF INDUSTRIES

Manufactures and construction (cont.)
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Table 9 (cont.)

MEASURES OF INCONSTANCY OF GROWTH OF INDUSTRIES

73

Transportation and trade

individual industries may be obtained by comparing their

rates of advance, detailed in Tables 5-8, during the period

1885-1929 and such longer periods as are covered by the

statistical records. It will be noticed that the two rates for

each series are practically never identical, and that the dif-

ferential between them varies considerably. A far more com-

prehensive view of the extent of the inconstancy in the rates

of growth of the various industries is afforded by Table 9,

which presents three measures of inconstancy of growth for

each series. The first measure is the standard deviation of the

decade rates, and thus measures the 'average' extent of the

variation of the decade rates of a given series. 18 The second

is When the standard deviation (or average deviation) of the decade rates

is measured from their mean, the degree of uniformity in the 'slope* of the
secular trend is ascertained with reference to the 'slope' of a primary trend
of the type of a simple exponential curve. The chief ground for preferring the
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measure states the range of the decade rates, that is, the dif-

ference between the highest and lowest of the decade rates

of a given series. The third is a measure of the continuity of

growth; it expresses the excess of the number of positive over

negative decade rates of a given series as a ratio to the number

of its decade rates. 19 This measure has a theoretical range

from + i to i : the limits indicate respectively that growth
has been continuous throughout in the sense that the trend

has been upward in each decade, and that decline has been

continuous throughout in the sense that the trend has been

downward in each decade. The three measures are designed

to reveal different aspects of the inconstancy in the trend

movements of given industries over time. The measures re-

late to such periods as the series cover.20

The measures of continuity of growth for the ensemble

of series are summarized in Table io.21
Being positive and

high for the most part, they bear witness to the strong

standard deviation to the average deviation is that variability is later measured
also from a line defining the drift of the decade rates (see Ch. V, sec. IV); in

such a case the standard deviation does, while the average deviation does not,

insure formally consistent results, in the sense that the variability about a

'trend line* must be lower than or equal to the variability about the arith-

metic mean.
It is frequently argued that the standard deviation gives a larger weight to

extreme items than the average deviation. Apparently, this criticism means

(otherwise it seems pointless) that the average deviation of a given series

containing an extreme item in relation to the others, will differ by a smaller

percentage from the average deviation of the given series with the extreme
item excluded, than would the standard deviation of the given series con-

taining the extreme item from the standard deviation of the series with the

extreme item excluded. But no such general mathematical rule can be proved.
19 Decade rates of zero were ignored in determining the numerator of the

ratio; this is tantamount to counting zeroes as half-positive and half-negative.
20 The comparability of the ranges and also of the standard deviations of

the decade rates, as among the various series, is impaired somewhat by the

non-uniformity of their periods; for, as Chapter IV shows, retardation in in-

dustrial growth has been a systematically operative factor.

ai Concerning the composition of the several groups of series in Tables 10-

12, see p. 52, note, and p. 56, note 6. The group of nonagricultural industries

in Table 10 excludes both agricultural and fisheries series.
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Table 10

FREQUENCY DISTRIBUTIONS OF MEASURES OF CONTINUITY OF

GROWTH, FOR 'ALL* SERIES AND BASIC SERIES, BY INDUSTRIAL

GROUPS

'All' series

Basic series
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secular forces of progressiveness which have been operating
in the economy. As might be expected, the measures of con-

tinuity of growth of industries are fairly closely correlated

with their average rates of growth. But even the industries

which have grown at an exceptionally rapid rate do not al-

ways evidence perfect continuity of growth. This is true

especially of industries which fall outside of the 'basic'

category; for when large stocks are customary, as in fluorspar,

or foreign competition is considerable, as in pyrites, or another

and more important industry shares in the market, as is the

case of native asphalt which is dwarfed by manufactured

asphalt, secular trends are likely to be sharply undulatory.

Though non-basic series account for a relatively greater

proportion of the measures of continuity which fall short of

unity than do basic series, it is yet worth noting that less

than 40 per cent of the basic series have experienced an un-

interrupted upward secular movement. It is also of some

significance that agricultural series have, on the average,

somewhat lower measures of continuity than the nonagri-

cultural; only three agricultural industries beet sugar,

raisins, and hog production have had consistently an up-

ward trend.

The measure of continuity of growth takes cognizance of

the signs of the decade rates, but not of their absolute mag-
nitudes. It therefore serves to reveal the degree of uniformity
in the type of direction of the secular trend of a series, but not

the degree of uniformity in the 'slope' of the secular trend.

Series having given measures of continuity of growth may
and do differ considerably from the standpoint of the vari-

ability of their decade rates. And the presence of some series

with measures of continuity of i.oo among those evidenc-

ing the extremest variability in their decade rates indicates

that the measures of continuity may understate the degree

of inconstancy in the secular movements of industries over
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Table 11

FREQUENCY DISTRIBUTION OF RANGES OF DECADE RATES,

FOR 'ALL' SERIES

* The items in this class are: 49.3, 58.6, 64.5, 76.8, and 108.4.

time. The range depicts that inconstancy most graphically,
the standard deviation with greater fidelity to the individual

decade rates. A general summary of the ranges is given in

Table 11, and a detailed analytic summary of the standard

deviations in Table 12.

The outstanding features of the measures of variability

of decade rates consist in the large difference among them
and their generally high level. The smallest of the ranges
is 2.9 per cent for fish, and the largest over 100 per cent for

sulphur. About half of the series have ranges of over 11

per cent, about a quarter over 20 per cent, and about a

tenth over 35 per cent. The standard deviations are closely
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Table 12

FREQUENCY DISTRIBUTIONS OF STANDARD DEVIATIONS OF

DECADE RATES, FOR 'ALL* SERIES AND BASIC SERIES,

BY INDUSTRIAL GROUPS

* The items in this class are: mining, 18.0 and 31.8 per cent; manufactures and

construction, 16.8 and 21.3 per cent.
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correlated with the ranges. About half are above 3 per cent,

and about a tenth above 10 per cent. The largest of the

standard deviations are accounted for by non-basic series,

and the standard deviations of the agricultural series are

generally lower than of the nonagricultural. These industrial

differences correspond to those which were found to hold

for average rates of growth.
22

III. ELEMENTS OF ORDER IN SECULAR
CHANGE

The inconstancy in the rates of growth of the individual

industries over time creates the impression that the secular

changes in the pattern of general production have taken

place in an irregular and unsystematic manner. But this im-

pression is tempered by the threads of order and continuity
which analysis discloses in the maze of industrial changes.

Though irregular in large part, the secular shifts in the

pattern of national industry have also been systematic to a

considerable extent. The remaining portion of this chapter
serves to introduce, and the following two chapters attempt
to trace in detail, the elements of order in the process of

secular change.

We have previously emphasized the irregularity in the dif-

ferentials between the two average rates of growth given for

each series in Tables 5-8, but careful scrutiny of the dif-

ferentials suggests an underlying similarity in the behavior

of the trends of the various industries. Though the differen-

tial between the two rates varies from series to series, its

direction is on the whole remarkably systematic: all but four

of the series of agriculture and fisheries show higher rates of

growth when their full statistical history since 1870 is con-

sidered than for the period since 1885, and so do all but five

22 The variability of the decade rates is investigated more thoroughly,

though from a different angle, at a later point; see Ch. V, sec. IV.
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of the mineral series, all but four series of manufactures and

construction, and all but four series of transportation and

trade. 23 The systematic direction of the differential indi-

cates that the rates of growth of the industries covered were

generally higher during 1870-85 than in the following years,

and suggests that dominating causes common to the various

industries were operative. Certainly, the class of agricultural

industries received a considerable impetus during the period

1870-85 from the liberal homestead policy of the federal gov-

ernment, the westward extension of railroads, and the in-

troduction of new machinery. But the differential in the

average rates of growth suggests that other major forces have

been at work, forces which have extended over the entire

range of industry and found expression in a declining rate

of growth in the generality of individual industries. This is

s There are, then, seventeen exceptions in all, two of them rice produc-
tion and Manila hemp imports having the same average rate for each period.
Few of the exceptions have much significance. Several series commence as

late as 1880; this makes the present comparison inapt. In the case of beet

sugar, sulphur, rubber imports, and vessels, peculiar circumstances explain
the higher rates of growth during the shorter period. Technological factors

were dominant in the beet sugar industry: before 1890 the industry was vir-

tually in an experimental stage, its output being quite negligible (see Year-

book of Agriculture, 1923, p. 156). The revolutionary change shortly after

1900 in the technical conditions of the sulphur industry renders almost mean-

ingless any long-term average for this industry (see pp. 156-7). In the case

of rubber imports, long-term comparisons are misleading because of the recent

advent of the automobile (see pp. 154-5). The present comparison is point-
less for vessels, in view of the influence of the extraordinary War-time boom
in shipbuilding on its average rate of growth. As for the rice industry (which
has the same average rate for the two periods), its underlying mechanism
was changed towards the end of the ''eighties by a technical revolution in

methods of cultivation; the scope of the transformation can be inferred from

the fact that during 1895-1905 rice production expanded at the extraordinary

pace of something like 19 per cent per year (see p. 157).

A word may be added about the series for which the same average rates

of growth are recorded in the columns 'in period covered' and '1885-1929'

(Tables 5-8). Except in the cases of rice production and Manila hemp im-

ports, already mentioned, these averages are based on identical sets of

decade rates, the minor differences in the periods stated having no meaning
for the present comparison; see pp. 39-41, and p. 56, note 7.
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also intimated by Table 13, which shows that extremely high
rates of growth occurred with very much greater frequency
in the early than in the late decades, and that the number
of industries having downward trends has been very much

greater in recent than in remote decades.

Table 13

PRODUCTION SERIES HAVING DECADE RATES OF IO PER CENT OR

MORE, AND O OR LESS, BY DECADES INDICATED BY

THEIR CENTRAL YEARS

For the present, these indications concerning the ten-

dency of industries to grow at a declining rate will have to

suffice, as this subject is investigated in considerable detail

in the next chapter. But it is important to note that insofar

as individual industries grow at declining rates, the pattern
of production will tend to undergo modification in a some-

what regular manner. If total production grew, for example,
at a constant percentage rate while individual industries

(their number being fixed or increasing) grew at declining
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rates, the percentage contributions of the individual indus-

tries to the production aggregate would be steadily diminish-

ing over time, or else increasing but at a diminishing per-

centage rate.

When we take full account of the decade rates of the

series, further evidence emerges of regularity in changes in

the pattern of the production system. Table 14 aims to dis-

close through two measures the degree of stability in the re-

lations of the trend movements of the various series, during
the eight overlapping decade periods, separated by a five-

year span, since 1885. The table is restricted to basic series,
24

57 in all, because the rates of increase of the other series

fluctuate within a wider range over time and a common anal-

ysis of all series would therefore impart an artificial in-

stability to the relative trend movements of the more im-

portant series. The first measure in the table states the

average rank of each series: this measure is an arithmetic

mean of the ranks of the eight decade rates of each series,

the decade rates of the series having been ranked at each

date on the principle of assigning a rank of i to the highest

decade rate and a rank of 57 to the lowest decade rate. The
second measure states the average deviation of the ranks of

each series: this measure is an arithmetic mean of the de-

viations (signs ignored) of the eight ranks for each series,

the deviations being measured from the arithmetic mean
of the two middle-sized ranks. While the first measure states

the average position of the trend advance of each industry
in relation to the others, the second measure states the con-

24 The composition of the group is that given in Appendix A, Table 46,

column /, except for the two beverage series fermented liquors and distilled

spirits which were dropped because they do not cover the full period through

1929. Comparisons of the relative position of trend movements are strictly

valid for only the group of 57 series included. But in view of the substantial

portion of the basic production area covered by these series, such a limited

study should also throw considerable light on the stability in the relations of

trend movements of basic industries in general.
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sistency of the position of the trend advance of each industry

in relation to the others.

These two measures impose a severe test on our data. The
relative ranks of the trend movements of many industries

have undergone a persistent change over the period since

1885: the trend advances of bituminous-coal, steel, coke, and

cottonseed-oil production have declined relatively to the

trend advances of other industries; the trend advances of

petroleum production, silk imports, and tobacco consump-
tion have increased relatively; and there have been other

secular shifts in relative trend movements.23 Secular shifts in

the relative ranks of industries, no less than oscillatory shifts,

make for increasing similarity in the average ranks of the

various series and for increasing variability in the several

ranks of each of the individual series. It is all the more re-

markable, therefore, that the average ranks of the series show

wide dissimilarity: the average deviation (measured from

the median) of the average ranks of our series is 10.1, which

compares with a maximum possible average deviation of

average ranks of 14.2.
20 And it is further notable that the

average deviations of the ranks of the individual series are,

speaking generally, not very high: as many as 51 out of 57

series have average deviations below 14.2, which is the most

probable average deviation under random conditions that

is, if each series had the same chance of having any one rank

at each date as any other series. The statistical indications

are, then, that there has been a fair degree of stability in

the relative trend movements of industries even when we
consider a period of a half-century during which many in-

25 The ranks of relative trend advances of industries should not be con-

fused with ranks in industrial importance as measured by such yardsticks as

value of product, number employed, etc.

28 The clearest case of a maximum is when the ranks for each date con-
stitute a perfect arithmetic progression, and when the average rank of each
of the 57 series is identical with its rank at each date.
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Table 14

MEASURES OF THE RELATIVE POSITION OF THE TREND

MOVEMENTS OF BASIC SERIES, FOR 1885-1929

Series Average
rank

Average
deviation

of ranks

Cocoa imports 7.4 5.1

Petroleum 8.2 5.7

Steel 9.7 5.2

Cement, total 10.1 7.1

Silk imports, unmanufactured 10.8 6.8

Postage stamps 1 1.7 6.7

Copper consumption 13.3 6.3

Zinc consumption 13.6 5.6

Zinc 14.9 8.2

Rubber imports 15.8 14.2

Copper 17.4 9.5

Rolled iron and steel 18.9 7.3

Phosphate rock 19.0 1 1.4

Railway ton-miles 19.3 4.9

Salt 20.7 8.4

Deflated clearings 21.1 7.7

Silver consumption 21.8 9.6

Coke 22.2 9.6

Pig iron 22.6 5.6

Tin-plate consumption 23.0 9.7

Bituminous coal 23.4 9.3

Iron ore 24.1 9.9

Cottonseed oil 24.3 15.9

Tin imports 24.4 7.9

Tonnage entered and cleared 26.1 6.7

Railway freight 26.5 5.9

Lead, domestic 26.7 6.3

Lead consumption 27.0 6.2

Railway passenger-miles 29.3 12.7

Cotton consumption 31.0 4.7

Barley 31.2 12.5

Gold consumption 31.7 17.6

Raw sugar consumption 32.3 9.6

Flaxseed consumption 32.9 13.6

Coastal trade 33.9 10.9
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Table 14 (cent.)

MEASURES OF THE RELATIVE POSITION OF THE TREND

MOVEMENTS OF BASIC SERIES, FOR 1885-1929

Series
Average
rank

Average
deviation

of ranks

Tobacco, raw 34.2 13.4

Sheep 34.9 12.7

Building permits 35.1 17.9

Coffee imports 35.2 1 1.9

Hogs 36.5 8.7

Cattle 36.5 9.2

Tobacco consumption 37.1 7.1

Rail consumption 37.9 17.6

Cotton 38.7 9.1

Gold 39.9 14.7

Potatoes 41.1 5.2

Oats 42.2 7.0

Minor fiber imports 43.9 6.2

Anthracite coal 44.2 5.7

Wheat 44.4 8.0

Wool consumption 45.1 6.9

Hay 45.4 3.6

Flour 45.6 4.1

Silver 46.4 7.9

Corn 46.6 5.3

Fish, total 47.2 4.6

Wool 48.4 6.1

dustries experienced persistent shifts in the relative ranks of

their trend advances. Examining the measures of Table 14
in detail, we find that they correspond roughly to distinct

industrial groups, and this is the best evidence that the

stability indicated by the ensemble of measures cannot be

a 'chance* result, that it reflects the influence of systematic

economic forces. On the whole, series of industrial metals

and their derivatives, and luxury goods have the lowest

average ranks, indicating the primacy of their rates of ad-
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vance; series of food and textile staples have the highest

average ranks; and series indicative of construction, trans-

portation, and trade have the medium ranks. On the whole

again, series of foods, textiles, industrial metals and their

derivatives, transportation, and trade have rather low aver-

age deviations of ranks, while series relating to construction

and to the precious metals have rather high average devia-

tions.

The statistical measures just considered run in terms of

averages for a period of a half-century. If we are to learn

more about stability in the relations of industrial trend ad-

vances, it is necessary to pass to the evidence of the decade-

by-decade movements of industrial trends; this may be done

by correlating the average rates of growth during one decade

with the average rates of growth during other decades. If an

interdecade correlation be positive, it will mean that the

industries with relatively high rates of growth during one

decade tended to have relatively high rates of growth during
the other decade. If an interdecade correlation be negative,

it will mean that the industries with relatively high rates of

growth during one decade tended to have relatively low

rates of growth during the other decade. A high coefficient

of correlation will indicate considerable regularity in the

changes in the pattern of production, while a low coefficient

will indicate only mild regularity. Moreover, insofar as the

coefficients of correlation are fairly high and positive, they

will help to explain the relatively large variation in the

average ranks of trend movements of the basic series group
and the moderately low variation in the ranks of the decade

rates of the individual basic series. It must be noted, how-

ever, that correlation technique can measure the degree of

stability in the relative trend advances of only those indus-

tries which are common to the periods compared. In a

rapidly moving economy, old commodities are constantly
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falling into desuetude while new commodities are emerging.

This portion of the production area is most unstable, and it

completely eludes measurement in correlation analysis.

Hence, even if the statistical materials encompassed fully

that portion of the production area which is common to the

periods compared, the coefficients of correlation would still

understate the instability in the relative trend advances of

the system of industries.

A record of the coefficients of correlation between average

rates of growth of given decades and all other decades is

presented in Tables 15-17, which relate respectively to 38

Table 15

COEFFICIENTS OF CORRELATION BETWEEN DECADE RATES OF

38 BASIC SERIES, FOR PAIRS OF DECADES INDICATED

BY THEIR CENTRAL YEARS
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Table 16

COEFFICIENTS OF CORRELATION BETWEEN DECADE RATES OF

57 BASIC SERIES, FOR PAIRS OF DECADES INDICATED

BY THEIR CENTRAL YEARS

basic production series covering the period since 1870, 57

basic series covering the period since 1885, and 44 basic non-

agricultural series covering the same period.
27 A double entry

is made in the tables for each of the decade combinations so

as to facilitate reference. The outstanding feature of the

record of correlations is that the coefficients are fairly high
for contiguous decades, but become progressively lower as

vt For purposes of simplicity, the correlations are confined to decades re-

moved by ten-year steps or multiples thereof. The reasons for limiting the

study to basic series are those set forth on p. 82. Except for the exclu-

sion of fermented liquors and distilled spirits, the composition of the 38 basic

series group, the 57 basic series group, and the 44 basic nonagricultural series

group, is as listed in columns b, f, and h, respectively, of Table 46 in Appendix
A. The group of 44 basic nonagricultural series differs from the group of 57
basic series in that it excludes the series of fish catch and the twelve agricul-
tural series listed on p. 91, note 30.
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Table 17

COEFFICIENTS OF CORRELATION BETWEEN DECADE RATES OF

44 BASIC NONAGRICULTURAL SERIES, FOR PAIRS OF

DECADES INDICATED BY THEIR CENTRAL YEARS

increasingly remote periods are correlated. 28 This is ap-

parent from a careful reading of Tables 15-17, and it stands

out conspicuously in Table 18 which presents arithmetic

means of the coefficients for similarly spaced decades. The
fact that the coefficients of correlation between the rates of

growth of contiguous decades are fairly high indicates that

there has been moderate regularity in the relations of the

trend advances of industries during contiguous decades;

this subject is investigated with more refined tools of anal-

ysis in Chapter V. The fact that the correlation tends to

vanish as the periods compared become increasingly distant

28 The coefficients of correlation were obtained by the Pearsonian method.

They were checked by the method of rank correlation, which yielded about
the same results. The term 'coefficient of correlation', as used throughout this

work, refers to the Pearsonian coefficient.
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Table 18

AVERAGES OF THE COEFFICIENTS OF CORRELATION BETWEEN

DECADE RATES

Number Average of
rouP of cases coefficients

38 Basic series

Contiguous decades 9 .53

Decades separated by ten years 7 .46

Decades separated by twenty years 5 .32

Decades separated by thirty years 3 .25

57 Basic series

Contiguous decades 6 .40

Decades separated by ten years 4 .34

Decades separated by twenty years 2 .11

44 Basic nonagricultural series

Contiguous decades 6 .36

Decades separated by ten years 4 .30

Decades separated by twenty years 2 .04

bears witness to the rapidity of change in the relations of

industrial trend advances and, therefore, in the pattern of

general industry.
29 These statistical results accord with a

priori anticipations.

It will be noticed that the coefficients of correlation for

basic nonagricultural series (Table 17) are lower than the

29 If the degree of shift in the relative trend movements of industries fol-

lowed any simple plan, that would be sharply reflected in the patterns formed

by the coefficients of correlation in the several tables. If the degree of shift

in the relative trend movements of industries were identical from decade to

decade, the coefficients for contiguous decades would be constant; if, in addi-

tion, there were little tendency to revert to an earlier pattern of growth, the

coefficients for separated decades would tend to decline as the intervening

period increased, and the averages of the coefficients in successive columns (or

rows) would therefore rise towards the center of the period and then decline.

On the other hand, if the degree of shift increased rapidly, the coefficients for

contiguous decades would have a sharp downward drift; if, in addition, there

were little tendency to revert to an earlier pattern of growth, the averages
of coefficients in successive columns (or rows) would tend to decline with

time. Other patterns of coefficients may easily be imagined.
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corresponding coefficients for basic series (Table 16) in ten

of the twelve interdecade combinations. This systematic dif-

ference suggests that the coefficients for the basic series

group may partly reflect a systematic differential between the

average rates of growth of agricultural and nonagricultural

industries; for, since agricultural industries have generally

grown at lower rates than nonagricultural industries, a fair

degree of correlation between interdecade rates might be

evidenced by a composite of the two groups, even if there

were little correlation in either group taken separately. While

fairly high coefficients of correlation would not be without

significance under such conditions, their meaning would be

simply that the class of nonagricultural industries persistently

grew more rapidly than the class of agricultural industries.

The fact is that the 12 basic agricultural series,
30 taken by

There are two aspects of the patterns actually formed by the coefficients

of correlation in Tables 15-17 which are worthy of notice. By far the more

important is the decline in the coefficients as successively remote periods are

correlated. This has been emphasized in the text, but it will bear additional

statistical comment. Taking the coefficients in the three tables en masse, we
find that coefficients for 'decades

a
*

with 'decades
b ', where b is later than a

but may or may not be contiguous to a, are higher than coefficients for 'dec-

ades
a

f

with *decades b+1
'

in most cases (18 out of 28); higher than coeffi-

cients for 'decades
a

*

with *decades b+2
'

in all cases (13 out of 13); and higher
than coefficients for 'decades

a
' with 'decadesb+3

'

or for 'decades
ft

*

with

*decadesb+4 in all cases (5 out of 5).

Another aspect of the patterns actually formed by the coefficients of correla-

tion in the several tables is something of a downward drift in the coefficients

for contiguous decades. This suggests that the degree of stability in the rela-

tions of the trend advances of industries, and therefore in the changes in the

pattern of production, has been declining. The indication of increasing insta-

bility is, however, of uncertain significance. Part of the drift in the coefficients

reflects merely the drastic shift in the pattern of production during the decade

including the War-period: the tables disclose the striking fact that the cor-

relation between the rates of growth during 1910-20 and other decades is

lower in every instance than the correlation between the rates of growth dur-

ing 1920-29 (a remoter period) and corresponding decades. Moreover, the

drift in the coefficients may arise from the decreasing statistical representation
of the production area, which results unavoidably from the use of a fixed list

of production series in the analysis of a progressive economy.
The numbers of the series are: i, 5-7, 9-10, 13-15, 18-20. (The most
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themselves, show on the whole little correlation: the arith-

metic mean of their coefficients for contiguous decades (6

cases) is .03, for decades separated by ten years (4 cases) .01,

and decades separated by twenty years (2 cases) .01. The

paradoxical result of excluding the agricultural series (which
themselves show little correlation) from the basic group is a

reduction in the size of the coefficients for the remaining

series, that is, the basic nonagricultural group; but this re-

sult confirms the hypothesis of heterogeneity in the behavior

of industrial trends. While the coefficients for the basic non-

agricultural series are somewhat lower than for the larger

group including agriculture, they are still fairly high and

statistically significant in the case of contiguous decades: they
relate to a group which is roughly homogeneous from the

standpoint of the average rates of growth in its major indus-

trial divisions and which covers a very substantial portion
of what may be considered as the area of basic nonagricul-
tural industry.

The above observations indicate that agricultural and non-

agricultural industries have differed considerably in the de-

gree of stability of their respective relative trend movements.

The same difference may be noted between agriculture and

mining, an important subdivision of the nonagricultural

group and the second great source of raw materials. While

convenient reference to the numbers of the series, quoted extensively in later

footnotes, is provided in Table i; though a key accompanies also Tables 44-47.)
Even though these series cover a substantial portion of agricultural industry,
coefficients of correlation for such a small number of items are of limited

significance. But the 'errors' in the coefficients are likely to be compensatory
in part, and averages of coefficients of the same time dimension are therefore

of greater significance than individual coefficients. The coefficients between
decades indicated by their central years are given in parentheses: 1890 and

1900 (.55), 1890 and 1910 (-.18), 1890 and 1920 (.01), 1895 and 1905 (.11).

1895 and 1915 (.09), 1895 and 1925 (-.03), 1900 and 1910 (-.01), 1900 and

1920 (-.30), 1905 and 1915 (-.05), 1905 and 1925 (.43), 1910 and 1920 (-.14)*

and 1915 and 1925 (-.27). It may be noted parenthetically that the 6 coeffi-

cients for contiguous decades show a marked and continuous decline over

time. This may be merely a 'chance* result; see, however, the preceding note.
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the agricultural series show practically no stability in their

relative trend movements, mineral series show a fair degree
of stability, as may be gathered from the coefficients for 12

basic mineral industries: 81 the arithmetic mean of their co-

efficients for contiguous decades (6 cases) is .49, for decades

separated by ten years (4 cases) .39, and decades separated by

twenty years (2 cases) .27.

The differences among major industrial divisions, in the

relations of the advances of the secular trends of their indi-

vidual industries, reflect differences in the underlying frame-

work of their operation. The virtual absence of stability,

speaking generally, in the relations of the trend movements

of agricultural industries is due, in part, to the unspecial-

ized character, and consequently, mobility, of a substantial

portion of agricultural resources; in part, to the practice of

substitution in the use of agricultural products; and finally,

to the random impact of extrahuman factors which occasion-

ally prove dominant, even though they are generally sub-

sidiary to the factor of planning over intervals of some ten

years or more. On the other hand, the relatively high sta-

bility in the relations of the trend advances of mineral in-

dustries is due, in part, to the specialized character, and con-

sequently, immobility, of the factors of mineral production;
32

and in part, to the fair continuity in the relative trends of

consumption of the industrial metals, fuels, and construction

3i The numbers of these series are: 24-5, 27-9, 31-4, 36, 39, and 43. The
coefficients between decades indicated by their central years are given in paren-
theses: 1890 and 1900 (.31), 1890 and 1910 (.42), 1890 and 1920 (.46), 1895 and

1905 (.29), 1895 and 1915 (-.25), 1895 and 1925 (.09), 1900 and 1910 (.67),

1900 and 1920 (.54), 1905 and 1915 (.38), 1905 and 1925 (.84), 1910 and 1920

(.79), 1915 and 1925 (.53). Concerning the interpretation of these individual

coefficients, see the preceding note.

az Mineral resources admit of relatively unique uses only. To be sure, some
discretion may be used in extracting ores which yield more of one metal than

another, metallurgical treatment of ore admits of some variations in yield,

more or less of natural gas may be recovered, and so on; but these are minor

exceptions.
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materials, which mines yield. Similar factors account for

the moderate stability in the relative trend advances of other

basic nonagricultural industries,
33

though' the immobility
of their resources is generally smaller than in mining.

34 Out-

side of the range of those nonagricultural industries which
are basic, especially in the field of elaborative manufactures,
the factor of substitution in consumptive use becomes of

paramount importance: though the technical conditions of

production conduce to stability in the relative trend ad-

vances of manufactures, their influence may be overriden

easily by the volatile character of consumers' markets.

This analysis of the interdecade correlations of rates of

industrial growth, the analysis of the relative positions of

the trend movements of industries during 1885-1929, and
the analysis of the differentials between the rates of industrial

growth during 1885-1929 and such longer periods as the

series cover, have yielded an inkling of the elements of order

that have characterized the vast and rapid transformation in

the industrial pattern of our national economy. What has

been merely glimpsed in this chapter is illuminated in con-

siderable detail in the two following chapters. Though ac-

cident has played no unimportant role in the changes in the

33 Excluding the 12 mineral series from the basic nonagricultural group of

44 series (see p. 88, note 27, and p. 93, note 31) we have 32 series

falling in the categories of manufacture, construction, transportation, and
trade. The coefficients of correlation for this group for pairs of decades indi-
cated by their central years are as follows: 1890 and 1900 (.38), 1890 and 1910
(.50), 1890 and 1920 (-.21), 1895 and 1905 (.36), 1895 and 1915 (.25),

1895 and 1925 (.25), 1900 and 1910 (.38), 1900 and 1920 (-.08), 1905 and 1915
(.48), 1905 and 1925

(^27), 1910 and 1920 (.14), 1915 and 1925 (.25). The
arithmetic mean of these coefficients for contiguous decades (6 cases) is .33, for
decades separated by ten years (4 cases) .23, and decades separated by twenty
years (2 cases) .02.

34 The forces which make for absence of stability in the relative advances
of the secular trends of agricultural industries are, in large part, the same as
those which make for only mild divergence in their primary trends; while the
forces which make for moderate stability in the relative advances of the secular
trends of nonagricultural industries are, in large part, the same as those
which make for sharp divergence in their primary trends. See p. 67.
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industrial composition of our rapidly developing economy,
we shall find that there are clear and unmistakable threads

of regularity in these changes, that the production trends of

individual industries manifest remarkable behavior similar-

ities.



Chapter IV

RETARDATION IN THE GROWTH
OF INDUSTRIES

FOR some time, the notion has been commonly held that

the percentage rates of growth of individual industries tend

to decline as their age increases. 1 Some statistical support for

this notion has already been given in the course of the anal-

ysis in the last chapter. Our aim now is to inquire more

closely, and with the aid of sharper statistical tools, into the

experiential foundations of the general doctrine of retarda-

tion in industrial growth. Accordingly, a comprehensive
statistical test of this doctrine will be made, insofar as the

data for this country since 1870 permit; and the statistical

analysis will be followed by an inquiry into the causes of

the drifts which the rates of growth of individual industries

tend to exhibit. It will be seen that growth and decline in

the rate of growth, so far as individual industries are con-

cerned, go hand in hand in a progressive economy; that they

jointly reflect the operation of forces which determine the

growth of the total national dividend; that the theory of

decline in the rates of growth of individual industries calls

i Tarde, Ogburn, and Chapin have explicated such a conception about the

growth of 'inventions', or cultural unitsamong which industries are surely
an important single form. See G. Tarde, The Laws of Imitation (translation

by E. C. Parsons; Henry Holt, 1903), Ch. IV, especially pp. 115 and 127; W. F.

Ogburn, Social Change (B. W. Huebsch, 1922), pp. 112-3; F. S. Chapin, Cul-

tural Change (Century, 1928), Part IV. For statistical studies of industrial

retardation, see Kuznets, Secular Movements, cited above, Chs. I-III; R. Pres-

cott, "Law of Growth in Forecasting Demand," Journal of the American
Statistical Association, December, 1922; and C. Snyder, Business Cycles and
Business Measurements (Macmillan, 1927), Ch. II.

96
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for merely an amplification of the theory of divergence in

the long-term rates of growth; that several of the instances

of acceleration in industrial growth reduce to retardation

upon proper analysis; and that such instances of acceleration

as are reliably established are indicative of the slackening of

progressive forces.

I. MEASUREMENT OF RETARDATION
Whether an industry has been growing at a rising or de-

clining percentage rate may, in most instances, be ascertained

readily from a graph of its production, the quantities being

plotted on a logarithmic scale and time on a natural scale.

In all cases, a mathematical description of retardation can

be obtained by fitting a curve such as the simple logistic,

the Gompertz, or the 'logarithmic' parabolawhich will re-

veal a decrescent rate of growth. Our present purpose calls

for a method sufficiently flexible to describe either retarda-

tion or acceleration in the growth of individual industries,

and so constituted as to yield measures of the extent of the

retardation or acceleration. These conditions are fulfilled ad-

mirably by the logarithmic parabola; this function may be

either concave or convex, and the ant ilog of its second de-

rivative expresses the average rate of retardation or accelera-

tion. If the primary trends of production are now viewed

in a different way than in the preceding chapter, that is

only because a different problem is being investigated.
2

The logarithmic parabola, that is, log y = c -f (log a) x

-[- (
E )x

2
, reports directly through log b (which is the

second derivative of log y with respect to x) the degree of

retardation (or acceleration). A parabola fitted to loga-

rithms of annual production data (x referring to years and

y to production) reports through the constant logb the

2 See Ch. II, sec. Ill, and Ch. Ill, sec. I.
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average annual rate of retardation (or acceleration) of

the logarithms of the production data; it gives an average in

the sense that a parabola fitted to data generalizes or 'aver-

ages' the course of the series. The average annual percent-

age rate of retardation of the production data may now be

obtained from the formula: 100 (b i). That this is the cor-

rect expression may be shown easily: Differentiating logy
with respect to x, we get log Y = log a + (log b)x. Taking

antilogs, we have Y = abx
. Since log b is at the same time the

first derivative of the straight line and the second derivative

of the parabola, the annual percentage rate of retardation is

abx+1 abx

given by 100
(

r-
),
which reduces to 100 (b i).aD

A logarithmic parabola may be fitted to production data

by various methods. Though the method of least squares is

most commonly used, another method was deemed prefer-

able for this study. If we (i) view the decade rates of a given

production series as observations at quinquennial dates on

the rate of growth of that series, (2) write the decade rates

in ratio form (for example, as 1.054 and not 5.4 per cent,

and so on), (3) fit a straight line to the logarithms of these

decade rates, the equation being log Y = log a + (log b)x,

where Y refers to the decade rates centered at quinquennial
dates and x to quinquennial dates, and (4) integrate the

equation (or, to express it roughly, cumulate the ordinates)

of this straight line; we obtain the equation of a parabola
fitted to the logarithms of the original data, except for the

constant of integration which can be determined readily by

invoking the criterion of the zero moment. However, since

the average rate of retardation is given by the antilog of the

second derivative of a logarithmic parabola, or by the anti-

log of the first derivative of the first derivative of the parab-

ola, we can obtain this average rate directly from the anti-

log of the first derivative of the straight line fitted to the
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logarithms of the decade rates. Furthermore, since the anti-

log of log b, where log b is the first derivative of the above

straight line, is equivalent to the term b in the exponential
function Y = abx

, our method of determining the average
rate of retardation of a series consisted simply in calculating
the value of the constant b in the exponential function

Y = abx
(x referring to quinquennial dates and Y to decade

rates centered at quinquennial dates), this type of curve be-

ing fitted by the method of moments 3 to the decade rates

taken in ratio form.4

3 See pp. 42-3.
* This method of measuring the average rate of retardation has three ad-

vantages. First, if we take the least squares method as a criterion, our method
errs on the side of understatement of retardation; but as the backbone of the

argument of this chapter stresses generality of actual retardation, a method
of measurement which yields understatements of the extent of retardation

lends firmer support to the conclusions reached. Second, the criterion of fit in

our method is applied to the decade rates, while the critefion of fit in the

method of least squares is applied to the logarithms of the original data. The

consequence is that erratic movements in the original data exercise a smaller

influence on an average rate of retardation calculated by our method than

on one calculated by the least squares method. Third, the method adopted is

much less laborious than the least squares method. With the decade rates at

hand, it is a very simple matter to fit an exponential curve to them, especially
when the method of moments, which does not involve the use of logarithms,
is used. And as a matter of fact, it is not even necessary to determine in full

the equation of the fitted exponential curve, for the constant which gives the

rate of change suffices for our purpose.
A theoretical point remains to be noted. Let us assume that both actual

production and production as observed through an empirical series trace out

primary trends of the type of a 'logarithmic' parabola. Then, our method of

measuring the rate of retardation will tend to 'compensate' for a downward
retardation bias in production series, meaning by a downward retardation bias

an overstatement by an empirical production series of the true retardation in

actual production. On the other hand, the least squares method of measuring
the rate of retardation will tend to 'compensate' for an upward retardation

bias, meaning by that an understatement by the series of the true retardation.

Hence, were it possible to appraise concretely our production series from the

standpoint of their retardation bias, we could employ in each particular series

that method which would compensate for the retardation bias in the original
series. However, we are unable to appraise our series, from the standpoint of

their retardation bias, with any assurance. It has, indeed, been possible to

analyze our series in a general way from the standpoint of their growth bias

(see pp. 25-7); but it is extremely hazardous to pass from the conclusions
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The average rates of retardation (or acceleration) calcu-

lated for the various industries have been expressed in per-

centage form and on a decade basis. The decade rates

being centered at quinquennial dates, the average per-

centage rate of retardation per decade is given by the for-

abx+2 abx

mula: ioo( r ), which reduces to ioo(b
2

i). Thex abx

average rate of retardation in the rate of growth of pig-iron

production, for example, is recorded as 1.2 per cent per
decade. The exact meaning of this is that the annual per-

centage rate of growth of the primary trend of pig-iron pro-

duction had a downward drift such that the annual rate of

growth (this is more conveniently expressed in ratio form)
at any one time was .988 of the annual rate of growth ten

years earlier. Thus the annual rate of advance of the primary
trend of pig-iron output was 8.5 per cent in 1875, but only

7.2 per cent (determined from 1.085 X -988) in 1885, and

5.9 per cent (determined from 1.085 X -988 X -988) in 1895,

and so on. As the decade rates of most industries are not

very high, it is not necessary to observe these niceties of

interpretation. The exponential curves fitted to the decade

rates of growth approach straight lines very closely in a pre-

ponderant number of the series. Hence, a rate of retarda-

tion of, let us say, i.o per cent may be interpreted to mean
that the rate of advance of the primary trend of the given

industry was, say, 5.0 per cent per year during one decade,

reached concerning their growth bias to inferences concerning their retarda-

tion bias. All that we know with certainty is that if a series had a downward

growth bias, at all points past or future, it would also have, at all points past
or future, a downward retardation bias (or no retardation bias). This means
that a production series having a downward growth bias during the period
investigated will have of necessity also a downward retardation bias (or no
retardation bias) during the period investigated, provided it is certain that the

production series will continue to have a downward growth bias in the in-

definite future. Obviously, this compass cannot be used with much assurance
in seeking the theoretically preferable method of measuring the rate of

retardation.
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4.0 per cent per year during the next decade, 3.0 per cent

during the next, and so on.

It should be observed that in the above examples of retar-

dation, a negative sign is attached to the measures. This im-

plies that a positive sign will be taken to denote acceleration.

The present sign convention accords with mathematical

usage, but is somewhat inconsistent with the name 'retarda-

tion* of the characteristic of production trends which is being

investigated. In mathematical terms, we are throughout

really measuring acceleration, positive or negative. All the

same, the term retardation will be used generically to cover

both retardation proper and acceleration, just as the term

growth was used previously to cover both growth proper and

decline. The justification of this terminology lies in the

economic facts considered that is, the generality of the

phenomena of actual growth, and of actual decline in the

rate of growth. Whether the term retardation is used ge-

nerically or merely to cover the cases of actual decline in the

rate of growth will be clear in each particular instance.

The average rates of retardation have been supplemented

by another set of measures, which serve, first, to make clearer

the graphic meaning of the rates of retardation,
5 and second,

to indicate the stage reached in the development of the

various industries. These supplementary measures are, in

effect, the dates at which 'logarithmic* parabolas fitted to

the original production data pass through maxima. In our

method of procedure, it was necessary merely to find the

dates at which the ordinates of the exponential curves fitted

to the decade rates of the individual series are equal to

unity.
6 These dates may, of course, define either maxima or

s The term 'rate of retardation* is used synonymously with 'average rate of

'retardation' throughout this chapter, and also in section III of Chapter VI.

Similarly, the phrases 'retardation in growth' and 'decline in the rate of

growth* are used synonymously.
The value of x which will maximize the function log y=c + (log a)x
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minima; but the dates have been computed only when they

defined maxima that is, they have been restricted to the

series which show actual retardation in their growth. The
dates of parabolic maxima will be referred to as measures

of the stage of retardation. If the rate* of retardation of one

industry is 2.0 per cent per decade, and of another i.o

per cent, but both have parabolic maxima in 1940, there is

some ground for considering their relative stages of de-

velopment to be the same, even though the rate of retarda-

tion of the one is twice that of the other.

The calculated parabolic turning dates are descriptions

based on particular segments of economic history, as are the

measures of the average rate of retardation, which the para-

bolic turning dates supplement.
7 The parabolic turning dates

are not to be interpreted as predictions when industries will

cease to grow, or as statements that they have already passed
their zenith. Of course, the implications of the measures ex-

tend beyond the specific periods studied, but that is quite
another thing from attaching significance to any extrapola-

tions of specific numerical results. To guard against any mis-

use of the calculated parabolic turning dates, they are pre-

sented in the form of deviations from the year 1930. Thus,

the measure of the stage of retardation of pig-iron production

+ ( )x
3

may be obtained by equating its first derivative to o. Doing

this, we have log Y = log a + (log b)x = o. Or, taking antilogs, Y = abx = i.

Of course, the dates of parabolic maxima obtained from exponential curves

fitted to the decade rates are not necessarily identical with those which would
be yielded by parabolas fitted directly to the logarithms of the original data by
the method of least squares.

* The average rates of retardation hold strictly for only the specific periods
covered by the series. It goes without saying that the measures may differ

considerably, if somewhat different periods are analyzed. Thus, the rate of

retardation of total coal production is -1.4 per cent per decade for 1870-1929,

-0.9 per cent for 1850-1929, and -1.7 per cent for 1820-1929. Rates of retarda-

tion are generally cited in later pages as so many 'per cent', but they are

always to be understood as so many 'per cent per decade'.
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is stated to be 13 years, which means that the date of its para-

bolic maximum is 1943; and the measure of the stage of re-

tardation of roofing slate is stated to be -25, which means that

the date of its parabolic maximum is 1905.

The descriptive significance of measures of the rate and

stage of retardation of a given production series is conditioned

by the adequacy with which an exponential curve fits the

decade rates of the series.
8 If a satisfactory fit is obtained, the

measure of stage of retardation will also be satisfactory. How-

ever, though an average rate of retardation will gain in sig-

nificance when the fit is satisfactory, its true significance

depends further on the degree of continuity in the march of

retardation. Accordingly, a measure of the continuity of re-

tardation has been determined for each series. This measure

expresses the excess of positive over negative first differences

of the decade rates of a series as a ratio to the number of first

differences,
9 and therefore has a theoretical range from i to

+ 1: it will be i when retardation is continuous, that is,

when each decade rate is lower than the preceding one; it

will be -}-i when acceleration is continuous, that is, when

each decade rate is higher than the preceding one; it will

be o when the number of decade rates higher than those

preceding them is exactly the same as the number of decade

rates lower than those preceding them. To cite two examples,

Satisfactory fits were obtained in a preponderant number of series, but

not in all series. Perhaps the most conspicuous of the poor 'fits' are those for

the production of sulphur and of non-Portland cements, whose measures of

retardation are therefore largely nominal.

The decade rates were taken as centered at successive quinquennial dates.

Since the decade rates are imperfect measures (see pp. 40-1, note 13), the

range of error in the first differences of the decade rates will be greater than

in the decade rates proper. Even though the measure of continuity takes ac-

count of only the signs of the first differences, it may still be unreliable when
the decade rates of a series are highly similar. First differences of zero were

ignored in determining the numerator of the ratio in the measure of con-

tinuity; this is tantamount to counting zeroes as half-positive and half-negative.
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the measure of continuity of retardation is .30 for pig iron,

and .25 for roofing slate.

Our measures of industrial retardation comprise, then,

the average rate of retardation, the stage of retardation, and

the continuity of retardation. These measures have been

determined for the full period covered by each series. The

primary reason for having the several measures of retardation

cover the longest interval possible, within the limits of the

period investigated, is that the distorting influence of trend-

cycles on the measures is in this way reduced. In the preced-

ing chapter, average rates of growth were presented for the

period 1885-1929, which the series cover in common, as well

as for the full period covered by each series, for the reason

that the existence of a drift in the decade rates of the indi-

vidual series would have seriously affected any comparisons
of average rates of growth over periods of variable duration.

But there is no such compelling reason for clinging to the

same time interval for each series in a study of retardation.

Moreover, as the series analyzed run over intervals varying
from 45 to 60 years, all falling within the period since about

1870, their time reference is sufficiently similar to insure

ample comparability for the present purpose.

II. THE STATISTICAL EVIDENCE

The first part of the inquiry in this chapter is a statistical

report which attempts to answer the questions: To what ex-

tent is a decrescent rate of growth of individual industries

a general phenomenon? How rapid is retardation generally?

To what extent is retardation continuous in the individual

industries? In seeking to establish the facts, average rates of

retardation were determined for the 104 continuous series

considered in the preceding chapter, and for 43 additional

series of discontinuous data; measures of continuity of re-

tardation were determined for all of the continuous series;
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and measures of stage of retardation, for those continuous

series which show actual retardation. The several measures

of retardation for the individual series are recorded in Tables

22-25, which give also the periods covered by the series.

The rates of retardation of 142 production series are sum-

marized in Table 19 and Chart 2.
10 A mere glance at the

chart or table will suffice to reveal that a preponderant
number of the industries have grown at a declining rate.

Furthermore, though the rates of retardation vary consider-

ably, their general level is fairly high. Of the 142 series in-

cluded in Table 19, as many as 122 have rates of retardation

in excess of -0.2 per cent per decade, which is the average
rate of retardation in the population growth of this country
since i87o.

n It is difficult to escape the conclusion that re-

tardation in the growth of production has been almost

universal among the industries covered, and that the rapidity

of retardation has been, on the whole, quite appreciable.
Measures of the stage of retardation, recorded in Tables

10 This group of 142 series consists of 99 continuous series (the 'all' series

group, see Appendix A, Table 46, column e) and 43 discontinuous series

(these are starred in Tables 22-25). Although discontinuous series cannot be

used generally in analyzing the characteristics of production trends, they

satisfy in most instances the purpose of indicating the presence or absence

of retardation and its approximate extent; so, by using these series, it has

been possible to extend considerably the range of industrial observation. In

order to insure comparability, the rates of retardation for the discontinuous

series were determined by the same method as the rates for the continuous

series, except that the preliminary 'decade rates' were determined for suc-

cessive decades only. Various makeshifts were necessary, of course, in applying
the method. Thus, in the case of data available for decennial dates only,

geometric average annual rates of growth were calculated, and similarly, when
data were given at quinquennial intervals. When data were available at more

frequent intervals, Glover's 'mean value table' was used for annual, biennial,

or triennial data, according to the fullness of the record. Whenever possible,
corrections were made for the cyclical factor. The exact procedure differed

from series to series and little would be gained by detailing what was done in

each case. Once approximations to 'decade rates' were reached, exponential
curves were fitted to them to yield measures of retardation. For the sources of

the discontinuous series and brief descriptive notes, see Appendix B, II.

n See p. 262, note 1 1 , concerning data on population, and this chapter,
note 10, concerning method of measuring its retardation.
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22-25, bear further witness to the magnitude of retardation

in the industries covered. Of the 104 continuous series, 92

show abatement in their rates of growth; and of these 92

Table 19

FREQUENCY DISTRIBUTION OF AVERAGE RATES OF RETARDATION,
FOR 142 PRODUCTION SERIES

* The item in this class is -11.5.

series, 9 have parabolic maxima in 1910 or earlier, 21 in

1920 or earlier, and 45 in 1930 or earlier. Of course, not all

of these industries can be considered to have actually passed

their apex y but it is equally likely that certain others have

already done so.12 Speaking very roughly, the industries

12 Thus, the summits of aluminum and steel production are probably in the
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which have experienced the most rapid rates of retardation

are also in the most advanced stages of retardation. Thus,
all but 4 of the 15 series having the highest rates of retarda-

tion have parabolic maxima before 1930, while all but 3 of

the 15 series having the lowest rates of retardation have para-
bolic maxima some time after 1930. The measures of stage

of retardation suggest that a considerable number of the

industries surveyed have already passed their zenith. In this

sense, they corroborate the evidence of the rates of retarda-

tion, which are generally of a rather high order of magni-
tude.

Chart 2

FREQUENCY DISTRIBUTION OF AVERAGE RATES
OF RETARDATION OF 142 PRODUCTION SERIES

Per
cent

H30

-Jo

-117-107 -97 -87 -77 -67 -57 -47 -37 -27 -17 -07 03 1*3 23 33

Average rate of retardation (per cent per decade)

But though retardation has been a general phenomenon
and its intensity fairly marked, its march has not been con-

tinuous, as Table 20 shows, in any of the industries surveyed.

However, most of the measures of continuity of retardation

are negative in sign; this indicates that retardation has domi-

nated over acceleration in the decade-by-decade movements

of the individual series, and lends support to the rates of

retardation. As is to be expected, the measures of continuity

distant future; but the actual peaks of rail consumption and railway passenger
traffic come earlier than their dates of parabolic maxima, and it is improbable
that these peaks will be surpassed in the reckonable future.



io8 PRODUCTION TRENDS

Table 20

FREQUENCY DISTRIBUTION OF MEASURES OF CONTINUITY

OF RETARDATION, FOR 'ALL* SERIES

of retardation are roughly correlated with the measures of

the rate of retardation. But the relation between the two

measures is not very close, as may be gathered from these

facts: only 3 of the 12 series having the highest (negative)

measures of continuity of retardation are found among the

12 series having the highest rates of retardation,' and the

signs of the two measures are reversed in as many as 9 series.

The inconstancy of retardation, registered in the measures

of continuity of retardation, arises from the undulatory
movements of production trends, which are analyzed in the

next chapter.

The details of the statistical evidence of industrial re-

tardation are in some ways more interesting than the general

tenor of the evidence. Attention will be confined in the re-

maining portions of this section to the average rates of

retardation, which may be significantly approached from the



RETARDATION IN GROWTH 109

Table 21

FREQUENCY DISTRIBUTIONS OF AVERAGE RATES OF RETARDATION,

FOR 142 PRODUCTION SERIES, BY INDUSTRIAL GROUPS

* The item in this class is -11.5.

standpoint of different resource groups of industries. The
rates of retardation of the 142 production series earlier

considered are distributed in Table 2 1 into four main divi-

sions. It will be noticed that the series of organic materials

(agriculture, fisheries, and forestry) do not exhibit, on the

average, such extensive retardation as do the series in the

other divisions, except transportation and trade. The rates

of retardation of the organic materials are also more defi-
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nitely concentrated within a narrow range than the rates of

the series in any of the other divisions: approximately two-

thirds of the organic materials series, but only about two-

fifths of the series in each of the other industrial divisions,

are included in the one per cent interval of greatest con-

centration on the several scales of retardation. The distinctive

character of the frequency distribution of the rates of re-

tardation of organic materials is revealed most sharply when
it is contrasted with the corresponding distribution of the

'nonagricultural' group, which is a combination of the

divisions of mining, manufactures and construction, and

transportation and trade.

The rates of retardation of the individual series of organic
raw materials and inorganic raw materials are stated respec-

tively in Tables 22 and 23. The record of the minerals group
is quite striking, as the production of each of the minerals

has grown at a decrescent rate. Three series in the organic
materials group evidence acceleration, but these series are

of minor importance; and it is also of some interest that two

of them cod and mackerel tonnage, and whale tonnage-
relate to decadent industries, their acceleration meaning a

decline in the rate of decadence. The more important min-

eral and agricultural products generally have medial rates of

retardation, though there are such conspicuous exceptions
as petroleum and Portland cement. What is most significant

now is that a tendency towards abatement in the rate of

growth is evidenced almost 'without exception by the rather

extensive production records of individual raw materials.

This generalization may be safely extended to the class of

individual raw materials, since a very large portion of the

entire field of raw material production is covered by our

statistics.

The rates of retardation of the series of manufactures are

set forth in Table 24, the two construction series building
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Table 22

RETARDATION IN THE GROWTH OF INDUSTRIES: AGRICULTURE,

FISHERIES, AND FORESTRY

*The data are discontinuous.
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Table 23

RETARDATION IN THE GROWTH OF INDUSTRIES! MINING

permits and rail consumption being included along with

the manufactures. The rates of retardation of the manu-
factures are even more variable than the rates of the min-

erals. The antipodal positions are occupied by two rather

new industries, each of which has experienced remarkable

expansion: aluminum production has the highest rate of

retardation, and light petroleum distillates the highest rate

of acceleration. The industries whose rates of growth have
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Table 24
RETARDATION IN THE GROWTH OF INDUSTRIES: MANUFACTURES

AND CONSTRUCTION
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Table 24 (cont.)

RETARDATION IN THE GROWTH OF INDUSTRIES: MANUFACTURES

AND CONSTRUCTION
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Table 24 (cont.)

RETARDATION IN THE GROWTH OF INDUSTRIES: MANUFACTURES
AND CONSTRUCTION

The data are discontinuous.

declined most rapidly are, in many instances, rather specific

manufactures. Series representative of broad classes of man-
ufacturefor example, zinc consumption, copper consump-
tion, lead consumption, tin imports, cotton consumption, to-

bacco consumption, and rolled iron and steel are not found

among those with extreme rates of retardation. There is

some tendency for the rates of retardation of industries pro-

ducing consumers' goods to cluster at the bottom of the list,

but there is not nearly the same tendency for the rates of

retardation of producers' goods series to cluster in the upper
portion of the list. Only nine series of manufactures evidence

accelerated growth; but the present cases are found among
progressive industries, some of which are also of great im-
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portance. While several 13 of these instances of acceleration are

traceable to economic causes of profound importance,
others 14 are of doubtful reliability.

Certainly, most of our series of manufactures disclose de-

clining rates of growth. But the important question is

whether or not it is proper to extend this generalization for

our series to the class of individual manufactures. According
to our estimate, the coverage of the continuous series of

manufactures amounts to only about 22 per cent of the out-

put of all manufactures in 1925; and even with the industrial

coverage of the discontinuous series added, the representa-
tion of manufactures is only about 32 per cent. 15 These

figures, however, are somewhat misleading; for they ignore
the considerable indirect representation of the series, under-

state the coverage for early years, and are not restricted to

that portion of the production area which is common to the

entire period surveyed.
16 The series which have been an-

alyzed relate to widely varying branches of manufacture,

some refer to groups of commodities and others to fairly

specific products, some to commodities of large industrial

importance and others to products of very minor conse-

quence: the extent and the variety of the series create a

strong presumption that a generalization holding for them
will hold for individual manufactures as a class.

The measures of retardation for such series as are indica-

tive of transportation and trade are assembled in Table 25.

As five of the thirteen series in this group show acceleration,

it might possibly appear that retardation has been less gen-
eral in this industrial division than in the others. However,

is Cigarettes, face brick, burning oils, rubber imports, and light petroleum
distillates; see pp. 154-5.

i* See Appendix C, II.

is For the estimates of the coverage of the continuous series, see pp. 18-20.

The coverage of the discontinuous series has been estimated by the same
method as the coverage of the continuous series.

10 In a sense, the really important comparison is between the industries
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Table 25

RETARDATION IN THE GROWTH OF INDUSTRIES! TRANSPORTATION

AND TRADE

*The data are discontinuous.

the acceleration is limited to series which are statistically

defective,
17 or of minor industrial importance, or both. One

of the minor seriesNew York canals traffic is of special

interest because it provides an additional instance of a de-

covered and those which could have been covered. It would be extremely diffi-

cult to estimate this ratio; but it is obvious that the ratio must be considerably
higher than the estimate of the industrial coverage of our series. Then again,
certain industries whose statistical (and occasionally, economic) history does
not go back to 1885 oleomargarine, electricity, railway passenger and freight
cars, motor vehicles, rayon, and a few others also disclose declining rates

of growth. But the statistical records of some of these industries are too short
to yield reliable results: short series for new industries, even when they extend
back to the very nascence of the industries, may have a retardation which is

more arithmetic than economic in significance (see p. 120); while short
series for old industries may reflect little more than a dominant phase of
their trend-cycles (see Ch. V).

IT See Appendix C, II.
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dining industry showing algebraically a rising rate of growth.

It is probably true that most of the individual industries

performing transport or trade functions have grown at a

decrescent rate, but such a generalization cannot confidently

be drawn from the series covered.

This much, then, can be said in summary about the in-

dustrial incidence of retardation during the period since

1870 or so. Retardation has taken place in a preponderant
number of the industries covered in our survey;

18
its extent

in the individual industries has been on the whole rather

high; but its march has not been continuous, because of the

'interference' of cycles in the secular trends with the down-

ward drift of the rates of growth. There is considerable evi-

ia it has already been pointed out that several accelerative series are defec-

tive from the standpoint of the use to which they are put in this chapter

(some evidence is presented in Appendix C, II), and that certain other

accelerative series express the influence of profound economic causes (see pp.

153-5). All the same, the question is ot some interest whether the seventeen

series (among the 147 distributed through Tables 22-25) showing acceleration

would continue to do so if the period of observation were extended.

It is possible to carry back the statistical records of only eight of the accelera-

tive series: New York canals traffic, tonnage entered and cleared, coastal trade,

postage stamps, cod and mackerel tonnage, whale tonnage, production of dry
beans, and cigarette production. (The series of cigarette production used in

this study begins in 1880; but estimates of cigarette production, made by
W. W. Young, The Story of the Cigarette, Appleton, 1916, p. 115, on the

basis of tax receipts, are available for 1869-79. The series 'dry beans' used in

this study begins in 1879; but estimates for census years back to 1849 have
been made by Warren and Pearson, The Physical Volume of Production in the

United States, Cornell University Agricultural Experiment Station, Memoir

144, p. 40. Though the estimates for these two series are too uncertain to

warrant general use, they are adequate for the purpose of a splicing whose
aim is to indicate whether or not retardation has been present. All the other

series which are extended are carried back of 1870, their initial date in this

work. Data for distilled spirits can also be carried back, but only to 1863; this

is too small an extension to be worth making.)
So far as New York canals traffic, the cod and mackerel fisheries, and the

whale 'fishery' are concerned, it is altogether superfluous to resort to quanti-
tative measurements. The summit of these industries has long been passed:
the peak of New York canals traffic was reached around 1870, in the mackerel

fishery in the early 'eighties, probably somewhat earlier in the cod fishery, and
about 1850 in the whale 'fishery'. It goes without saying that if the record of
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dence that most of the individual industries in agriculture,

mining, and manufacture have experienced abatement in

their rates of growth. In all likelihood, this is true as well of

the individual branches of forestry, the fisheries, construc-

tion, transportation, and trade. Little is known about other

industrial divisions, such as banking, and the various pro-

fessional and personal services, except that these fields of

productive endeavor have greatly expanded. No attempt has

been made to determine whether or not the individual

branches of these service industries have grown at declining

rates, as practically no statistics of their production are

available, except the very indirect and not altogether com-

parable data contained in the federal censuses of occupa-
tions. 19

these industries were carried back of the dates of their highest development,

very considerable retardation in their growth would become evident. The five

remaining series tonnage entered and cleared, coastal trade, postage stamps,

dry beans, and cigarettes represent progressive industrial activities. Four of

these series evidence a declining rate of growth, when their full statistical

history is analyzed: for the period 1869-1929, 'cigarettes' show a rate of retarda-

tion of -3.6 per cent (see p. 155); for 1852-1929, 'postage stamps', -i.o

per cent; for 1821-1929, 'tonnage entered and cleared', -0.2 per cent; and for

1790-1929, 'coastal trade', -0.3 per cent. The series 'dry beans' shows a rate

of acceleration of 0.4 per cent for 1879-1929, but only o.i per cent for 1849-

1929. There are, then, some statistical indications that when the period under
observation is extended, the various instances of acceleration reduce to retarda-

tion. Incidentally, the extensions show how careful one must be in interpret-

ing the rates of retardation, which are in the nature of averages for specific
time intervals.

It is not proper to carry back the statistical records of only those industries

which evidence acceleration. Obviously enough, if the records of the industries

showing retardation were also carried back, it might develop that some of

them show acceleration for the longer period. In order to test for this pos-

sibility, the statistics of lead, copper, zinc, pig iron, petroleum, rails, vessels,

total coal, railway ton-miles, and cotton consumption were extended back of

1870 (there are very few other series which go back of 1870). Each of these

series discloses a declining rate of growth, when the entire period of its statis-

tical history is investigated.
10 Such data do show retardation; see Hurlin and Givens, cited above, pp. 271-

304. For a further statistical analysis of retardation in individual industries,

see pp. 163-9. Concerning the
1

problem of retardation in the growth of total

production, see Ch. VI, sec. III.
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III. THE EXPLANATION OF INDUSTRIAL
RETARDATION

The foregoing statistical conclusions accord nicely with

common intuitions about the course of industrial develop-
ment. That industries rise and decline is a matter of fa-

miliar knowledge. Retardation in the growth of individual

industries is to be expected in a world of scarce resources:

not only is it ordinarily more difficult to double a large out-

put of some commodity than a small one, but an increase in

production at a uniform or increasing rate for a long period

implies an aggregate prodigious beyond comprehension.
In one way at least, the generalization of industrial retarda-

tion is little short of an arithmetic truism: nothing can

compare with the percentage rate of growth of the initial

output of an industry.
20

i . Retardation as Characteristic of a Progressive Economy
We must seek, however, a more reasoned view of the causes

of industrial retardation. Before attempting a detailed anal-

ysis, it is desirable to approach the problem from an a priori

standpoint. Let us assume, then, that the total production
of some economy is increasing at a uniform percentage rate

over a period of sizable duration. Further, let us assume

explicitly that this economy possesses certain progressive

characteristics many new industries are being started while

some old industries are disappearing, labor-saving devices are

being introduced, various economies are being effected in

the utilization of raw materials, and so on. Since the ratio

of manufactured output per unit of raw material consumed

will be increasing, the aggregate output of raw materials

20 The statistical records of several industries start almost at the stage of

their commercial inception. If this were true of the bulk of the series analyzed,
and if the retardation were confined to the early stage of development, the

problem of retardation in industrial growth would be simple and unimportant.
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will increase at a lower percentage rate than total produc-

tion; but within the limits of this restriction, the aggregate

output of raw materials may grow at a declining, constant, or

increasing percentage rate. If the aggregate output of raw

materials grow at a declining rate, the aggregate output oE

manufactures will also grow at a declining rate throughout,
or else will at first grow at an increasing rate and later

at a declining rate; while if the aggregate output of raw

materials grow at a constant or increasing rate, the aggre-

gate output of manufactures will grow throughout at a

declining rate. If the aggregate output of raw materials in-

crease at a declining rate, the rates of growth of individual

raw materials will tend to decline more rapidly, even when
their number remains fixed;

21 and they are virtually certain

to decline more rapidly when their number increases, which

is our original assumption. Similarly, if the aggregate output
of raw materials increase at a constant rate, the tendency will

be for the rates of growth of individual raw materials to

decline. Finally, even if the aggregate output of raw ma-

terials increase at an increasing rate, the tendency will still

be for the rates of growth of individual raw materials to

decline, provided there is a fair degree of divergence be-

tween the rates of growth of the raw materials, and their

number increases at all rapidly. Similar relations hold be-

tween the rate of growth of the aggregate of manufactures

and the rates of growth of individual manufactures. It fol-

lows, therefore, that the host of individual industries will

grow at a declining rate, some of them declining absolutely.

Some industries may, indeed, grow at an increasing rate for

a considerable period, but they will form exceptions to the

general rule. Within the limits of the assumptions which

have been made, retardation in the growth of the generality

21 See pp. 273-8.
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of individual industries is an essential characteristic of a

progressive industrial system.

It is important to observe that these assumptions hold with

a reasonable degree of accuracy for the American economy

during the period under survey. Industrial diversification

and conservation in the use of raw materials are outstanding

among the consequences of the technical progress character-

istic of this period. The assumption of a uniform rate of

growth probably does not conform exactly to what has ac-

tually happened, but it is practically certain that total pro-

duction has not grown at a rapidly increasing rate, and only
under the last condition, though not necessarily even then,

would the above analysis be invalid. 22 It appears, then, that

retardation in the growth of individual industries is linked

to the sort of economic progress which the United States has

experienced since the Civil War. And this view of retarda-

tion lends added significance to the statistical evidence al-

ready presented. It will be noticed that the frequency
distribution of the rates of retardation (Chart 2) is skewed

'negatively', contrasting with the distributions of average
rates of growth, presented in the preceding chapter (Chart

i), which are skewed 'positively*. Apparently, just as the

forces making for growth of individual industries have domi-

nated in the American system over the forces making for

decline, so have the forces making for retardation in the

growth of individual industries dominated in the system
over the forces making for acceleration. 2*

The main thesis to be supported in the following pages
is that retardation in the growth of individual industries is

one of the expressions of the progressiveness of American

industry.
24 With this end in view, we shall analyze succes-

See Ch. VI, sec. III.

23 See pp. 65-6.
2* The suggestion may be ventured (see, however, p. 66, note 14) that

increasing rates of growth (speaking algebraically) of individual industries are
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sively the forces making for retardation which have been

operative in the domestic markets for goods, the more funda-

mental forces which have been operative in the workshops
of our national economy, the forces deriving from the im-

pact of the outside economy, and the process whereby the

various forces promoting retardation tend to cumulate in

strength through their indirect effects. Next, we shall analyze

the influence of structural changes on rates of industrial

growth, and the forces making for different types of drift

in the rates of growth of decadent industries. Finally, we

shall attempt to interpret in general terms the variations in

the actual rates of retardation of our statistical series.

2. Forces Operating in the Markets for Goods

In tracing the forces making for retardation which have

been at work in the markets for goods, the major factors to

be considered are technical progress, change in industrial

organization, and population growth. We may start with

population growth, probably the least important of these

factors.

It is a familiar fact that the population of this country
increased at a fairly uniform rate from about 1790 to 1860,

but at a declining rate since then. In the current literature

on production trends, reference is frequently made to the

decrescent rate of population growth; and at times it is even

argued that the declining rates of growth of various indi-

vidual industries merely reflect the trend of population.
This common theory doubtless contains an important ele-

ment of truth; but it can scarcely be claimed with any
seriousness that the trend of population can alone, or even

largely, explain the abatement in the rates of growth of any

probably characteristic of the late stage of a retrogressive economy. This, at

any rate, is suggested by an analysis of retrogressive industries (see pp.

160-2). The point, of course, is mainly of academic interest.
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considerable number of individual industries. If that were

true, the trends of production of individual industries would

resemble closely the trend of population. But as a matter

of fact, the primary trends of industries, as expressed in their

rates of growth and rates of retardation, differ very con-

siderably among themselves, and few are of the same magni-
tude as population. Such statistics as are available suggest

that most commodities have definite trends both in their

consumption per capita and in their net foreign trade per

capita.

However, any general influence of population growth on

the trends of individual industries is obscured when they
are considered separately, since the trends of individual in-

dustries reflect chiefly the variety of special influences im-

pinging on them. It appears that the trend of the aggregate

production of at least one important group of products,

consumers' staples, has been dominated by the trend of

population. All the indexes of production of principal crops

trace out trends which resemble closely, especially since 1880,

the trend of population, even though the trends of most of

the individual crops do not. Such statistics on consumption
as are available indicate that, while the dietary of the Amer-

ican population has changed considerably during the past

few decades, the total food consumption
25 has varied rather

closely with the increase of numbers. At most, a slight decline

in the per-capita consumption of foodstuffs may have taken

place.

The apparent domination of the trend of aggregate pro-

duction of foodstuffs by the trend of population cannot,

25 See "The Decline in Per Capita Consumption of Flour in the United

States" (Food Research Institute, Wheat Studies, Vol. II, No. 8, July, 1926);

and O. E. Baker, "The Trend of Agricultural Production in North America
and Its Relation to Europe and Asia" (contained in Population, giving the

Lectures in 1929 on the Harris Foundation; University of Chicago Press,

1930), pp. 222-37.
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however, be interpreted to mean that the latter has been an

independent factor which has generated, so to speak, the

former. The relation of population to production is one of

interdependence. On the one hand, ignoring foreign trade,

the size of population determines at any one time the ag-

gregate production of consumers' staples. Even over a period
of fair duration, the increase in the production of con-

sumers' staples cannot be very different from the increase

in population, provided the level of well-being in the econ-

omy is considerably above bare subsistence; for physiological

laws set limits to the consumption of foodstuffs. In this

sense, the declining rate of increase of population may be

considered an 'ultimate' cause of the retardation which has

taken place in the growth of production of foodstuffs. How-

ever, the size of population is itself closely related to the

increase of national production. Our increasing material

prosperity has tended to reduce the death rate, as it has

promoted sanitation, medical knowledge, and medical care.

The advance in material well-being has influenced also the

trend of birth rates: it has improved the possibilities of

increased parenthood and so has released forces working in

that direction, but it has also made people more mindful of

their improved standard of living and so has tended to pro-

mote limitation of the size of families (the indications are

that the strength of the first influence has been declining
and that of the second increasing). Finally, the advance in

material prosperity has tended to stimulate migration: until

very recent years, when rigid immigration bars were set up,

the flow of migrants to this country varied directly, speaking

broadly, with the state of national prosperity. Thus, the

various factors back of the trend of population have been

linked with the progress of our national industry, the de-

cline in the rate of population growth being as deeply en-

meshed in the industrial progress of the nation as the decline
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in the rates of growth of individual industries. For this rea-

son, the fact that population has been growing at a declin-

ing rate is only of small help in explaining industrial re-

tardation.

A more important factor is technical progress which has

been incessantly operative in the American economy, releas-

ing influences which have tended powerfully to retard the

growth of individual industries. One of the ways in which

technical progress has expressed itself is in the introduction

of new goods. Our rising standards of living and increasing

education have served as stimuli to industrial innovations,

which have been carried forward rapidly by technical in-

genuity, the advancing state of the arts, and venturesome

business enterprise. Basic wants for food, clothing, transport,

and recreation have come to be satisfied through an increas-

ing number of media. The diversification of production has

been most conspicuous in the case of elaborative manufac-

tures, especially in the chemical industries;
26 but diversifi-

cation has also extended to basic materials beet sugar, baux-

ite, and natural gas are relatively new industries in this

country. The new products have acted as substitutes for

old, though the replacement of the latter has rarely been

complete. With the increase of diversification, interindustrial

competition has become more intense.27 As every new prod-
uct involves an absolute or relative shift of purchasing power
from an old product, the increase in the number of goods has

2* See Chemical and Metallurgical Engineering, January, 1931. This issue

treats exhaustively of the problems of intercommodity and interprocess com-

petition in the chemical industries.

2? Of course, there are certain things that interindustrial competition, in-

creasingly fostered by the growing variety of production, does not mean. For

one, competition among goods is general and is not limited to the things
which are directly substitutive in the sense that they satisfy approximately
the same specific want. Secondly, it is rarely true that an increasing number
of directly competing goods have to share a fixed market or one growing at

some natural rate.



RETARDATION IN GROWTH 127

tended to retard the growth in the production of old goods.
28

The process whereby a new product diverts purchasing

power to itself is generally as follows. A potential market of

some size awaits almost every plausible commodity at its

inception: there are always some people who clamor for

novelties and are eager to seize any new opportunity to shift

their outlays; and there are also others who habitually ap-

proach new commodities in a cautious but enterprisingly

experimental spirit. So, new commodities which prove

technically superior or satisfy important psychological wants

are ready to march forward to success. As their production

advances, they stimulate the industries with which they are

technically (sequentially and complementarity) connected,

while they encumber the industries to which they are com-

petitively related. But the new industries themselves soon

encounter resistance to a continuation of their earlier rates

of development; for the custom of the more conservative

members of the community, tied by inveterate practice or

sentiment to old products, is gained only with increasing

difficulty. Resistance from this side becomes greater with

every fresh advance, except when a commodity becomes an

object of competitive ostentation; though this too is self-

limiting, for the wider the use of a commodity, the less does

its possession become a mark of peculiar prestige. In part,

the expanding production tends to overcome consumer

resistance, for production on a quantity basis is conducive to

various economies and improvements, which are reflected in

28 The actual curve traced out by the production of any given industry is

the net resultant of certain factors making for growth in production and
others making for decline. Irrespective of the slope of the curve at any date,
if a new force making for growth is added in the next date to the numerous
forces impinging on the industry at the first date, the individual eifect of this

force will be to make for an increase in the rate of increase of the curve (that
is, acceleration); and if the added force makes for decline, its individual effect

will be to make for a decline in the rate of increase of the curve (that is,

retardation).
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falling prices. But, in the meantime, new commodities

emerge: these come to exercise a restrictive influence on

those which were only recently new: and the restrictive

influence felt in any one industry is transmitted to the

various industries which are technically related to it.

Industrial diversification has expressed itself not only in

the production of an increasing number of commodities,

but also in the production of given commodities by an in-

creasing number of technical processes. Thus, wood pulp, a

relatively recent product, is now the most important material

in paper manufacture; aluminum-alloys have recently been

added to the long list of structural materials; from the cot-

tonseed now come many products obtained also in other

ways; and the progress of chemistry has yielded synthetic

camphor, indigo, resins, and still other synthetic products.
An outstanding consequence of our technical progress is that

given raw materials are being put to an increasing variety

of uses. With the multiplication of technical methods for

achieving given ends, industrial competition has tended to

become intensified; for different technical methods generally

involve the use of different materials, or the same materials

in different proportions. As old commodities have been put
to new uses, the rate of growth in the production of

these commodities has tended to increase; but at the same

time, the rate of growth in the production of the replaced
commodities has tended to decline.

Practically every new commodity involves the use of new
industrial equipment; and every substantial revision of in-

dustrial technique involves either a change in industrial

equipment or the initial introduction of labor-saving de-

vices. The substitution of machinery for hand-labor has

tended to accelerate the progress of the machine-building,

metal, and fuel industries; but labor-saving devices have

often resulted in a saving of space, and so have tended to
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check the development of certain of the industries furnish-

ing materials. Labor-saving devices and changes in the forms

of industrial equipment have frequently made possible econ-

omies in the use of materials, and in this way have released

forces making for retardation. Though various changes in

the forms of industrial equipment have tended to stimulate

the development of some industries, they have tended at

the same time to restrict the development of others. For

example, the increasing use of steel instead of wood in the

construction of vessels has tended to retard the growth of

the lumber industry. The increasing use of Diesel engines
instead of steam engines has tended to retard the growth of

the coal industry. The increasing replacement of farm work

animals by automobiles and tractors has resulted in a rapid
retardation in the production of horses and mules, has

tended to retard the lumber industry, and has released mil-

lions of acres of crop land which means that the increasing
mechanization of agriculture has contributed to the retarded

growth of certain of its branches, especially the production
of oats and hay.

29

Many revisions of technical processes are inspired pri-

marily by the aim of, or incidentally result in, industrial con-

servationusing this term to indicate increased yield of raw

materials in finished products, reclamation of used products,
and recovery of waste products. The economic consequences
of industrial conservation are similar, irrespective of whether

they originate in new techniques for achieving given ends,

in mechanical improvements of existing techniques, or in

managerial improvements in the use of existing techniques.

2 It has been estimated that 25 million acres of crop land were released

between 1918 and 1930 on account of the automobile and tractor; this consti-

tutes about 30 per cent of the acreage required for the sustenance of work
animals at the earlier date. See O. E. Baker, "The Outlook for Land Utiliza-

tion in the United States," Journal of Farm Economics, April, 1931, p. 214;
and the same author's "The Trend of Agricultural Production," cited above,

pp. 251-2.
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When the ratio of manufactured output per unit of raw

material consumed rises, or when used products are re-

claimed, the demand for raw materials tends to decline; im-

portant forces are therefore released which make for re-

tardation in the development of the industries producing
raw materials. When the recovery of waste products takes

the form of increased production of some commodity pre-

viously made, the aggregate output of that commodity tends

to be accelerated; but its production by the older processes

tends to be retarded, and this comes to be reflected in the

production of the goods on which the older processes rest.

When waste products are recovered and transformed into

entirely new commodities, the cottonseed products industry
is rich in illustrations, forces are set in motion which make
for industrial retardation through the agencies of competi-
tion and substitution; this point has already been discussed

and need not be further considered.

Industrial conservation has made tremendous headway in

the United States. More effective utilization of raw materials

has been rather general in industry. In animal husbandry,
feeds have come to be converted with increasing efficiency

into meat and milk;
30 and these economies have exercised a

retarding influence on the production of feed crops and the

various manufactured feeds. In the field of manufactures,

improving ratios of output per unit of raw material used

have been quite common: familiar examples are provided

by the beet sugar, coke, head rice, and cottonseed industries.

But perhaps the most remarkable instances of economies in

the utilization of materials are afforded by the fuels, and

some data are useful for illustrative purposes. In electric

public utility power plants, 6.4 pounds of coal (or coal

equivalent) were used in 1902 per kilowatt-hour generated,
but only 1.68 pounds in 1929. In 1916, locomotives on Class

* Sec ibid., pp. 261-6.
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I steam railroads consumed 169 pounds of coal (or coal

equivalent) per 1,000 gross ton-miles of freight service, and

18.5 pounds of coal per passenger-train car-mile; but in

1929 the corresponding consumption per unit of freight

service was only 125 pounds, and per unit of passenger
service 14.9 pounds. In the petroleum refining industry, the

treatment of one barrel of crude oil required 860,000 B.t.u.

in 1909, and 643,000 in 1928. In the cement industry, the

consumption of coal (or coal equivalent) per barrel of out-

put was 200 pounds in 1909, but only 158 pounds in 1928.

In the iron and steel industry, 2.01 tons of coal (or coal

equivalent) were used per ton of product in 1904, but only

1.41 tons in 1927. It has been estimated that the energy con-

sumption per unit of output in the combined manufacturing
and railway transportation industries declined as much as 33

per cent between 1909 and i92g.
31 It need hardly be stated

that the remarkable advances in fuel efficiency have tended to

retard the growth of the fuel industries, especially coal. Every

improvement in industrial technique making possible a more
effective utilization of a raw material has served to retard the

growth in the production of that material.

The reclamation of used products has been practically as

general as increasing yield of materials in finished products.
The volume of 'secondary' production of many commodities

has grown more rapidly than the volume of their 'primary'

production. A few examples will indicate the increasing

importance of 'secondary' production. Waste paper consti-

tuted in 1889 only 9 per cent of the weight of raw materials

consumed in paper manufacture, but as much as 28 per
cent in 1919, and 31 per cent in 1929. In 1909 the tonnage
of scrap iron and steel consumed by steel works and rolling

si The figures are taken from F. G. Tryon and H. O. Rogers, "Statistical

Studies of Progress in Fuel Efficiency," Transactions of Second World Power

Conference, Berlin, 1930, Vol. VI; and from Mineral Resources. 1930, Part II,

pp. 678-81.
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mills was 52 per cent of the tonnage of pig iron consumed;

the percentage rose to 61 in 1914, 67 in 1919, and 85 in

iggg.
32 Between 1907 and 1929, refined lead produced from

domestic ore increased at an average rate of 3.0 per cent per

year, while secondary lead production increased at a rate of

11.0 per cent. During the same period, the smelter produc-
tion of primary zinc increased at a rate of 3.7 per cent per

year, but secondary zinc at a rate of 6.1 per cent; the smelter

output of copper from domestic ore increased at a rate of

2.5 per cent, but secondary copper at a rate of 7.5 per cent.

Between 1913 and 1929, the production of primary alu-

minum increased at a rate of 6.0 per cent, but secondary
aluminum at a rate of 13.5 per cent. 33

Obviously enough, the

relatively more rapid development of secondary than of

virgin production in a number of industries has tended to

retard the growth of the latter. Industrial reuse, then, has

been an important factor in the declining rate of progress
of many industries.

Technical progress that is, mechanical innovations and

betterments, and managerial improvements has expressed
itself in changes in the content and methods of production;
and these changes have worked potently towards inducing
retardation in the growth of individual industries. Along
with the technical changes have gone changes in industrial

organization, which have released myriad, though less pow-
erful, influences making for retardation. An industry's organ-
ization comprises the geographic distribution of its produc-

ing units, their scale of operation, their interrelations of

32 The above figures are based on data in the Census of Manufactures.
33 In 1929 the ratio of secondary to primary output was .29 for zinc, .46 for

copper, .40 for lead, and .43 for aluminum. While the figures of primary out-

put entering into these ratios are for the smelter or refined products derived

from both domestic and foreign ores, the trend computations (stated in the

text) for primary copper and lead do not include metal of foreign origin. The
sources of the data on primary production are stated in Appendix B, I; the

data on secondary production are from Mineral Resources.
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ownership and control, and their relation to the state. To
the extent that industries have been relocated closer to the

source of their raw materials, checks have become operative

on the growth of transportation, and these have been trans-

mitted to the metal, fuel, and allied industries. Similar con-

sequences have ensued from horizontal combinations of the

establishments of given industries. When the combination

movement has taken the form of vertical integration, checks

have become operative on the growth of trading. Insofar as

enterprises have grown in size as a result of natural develop-

ment, the consequences have frequently been the same as

those arising from combination. 34 Industries founding trade

associations have frequently been able to invade the markets

and check the growth of competing industries functioning

under a 'backward' form of organization. Finally, changes
in the relation of given industries to the state have often re-

leased forces making for retardation. 35 These various types

of change in industrial organization have operated inces-

santly during the period considered, and their influence on

the rates of growth of individual industries has been con-

siderable.

3. Forces Operating in the Workshops of the Economy
The introduction of new commodities, changes in the

a* Changes in the scale of operation of the producing units of an industry,
or in the ownership and control interrelations of these units, often lead to

technical betterments; this factor, irrespective of its origin, has already been
discussed.

ss Of course, governmental action may tend to accelerate as well as retard

the growth of given industries. In modern times the government has played
a less obtrusive role in industrial affairs than formerly; but with the develop-
ment of a philosophy of 'social control', the trend is now changing. The Pro-

hibition Amendment is reminiscent of the general proscriptions of important
industries practiced several centuries ago in various European countries. More

frequently the government influences industrial trends by less drastic tools.

The customary weapons are taxes, regulation of working conditions, regula-
tion of business practices, and so on.
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technical processes of making old commodities, and changes
in industrial organization do not suffice to explain the gen-

erality of industrial retardation. For, if technical progress

and change in industrial organization have released power-
ful influences making for retardation in the growth of some

industries, they have at the same time released powerful
influences making for acceleration in others. It remains to

establish why the forces making for retardation have domi-

nated in the generality of cases over the forces making for

acceleration. To do this we must turn to the fundamental

forces operating in the workshops of the economy. In the

scarcity of productive resources we have a clue not only to

the forces making for retardation operative in the workshops
of the economy, but also to those operative in the markets

for goods, for the latter originate largely in the necessity to

conserve resources.

The introduction of new industries has tended to retard

the development of old industries through the channels of

competition for the factors of production, as well as through
the channel of competition for custom. The flow of capital

into new industries means an absolute or else a relative

diversion of capital from other industries. Many new indus-

tries, a case in point is the airplane industry,
36

acquire
abundant quantities of capital within a short period of their

inception. The ability of a new industry to attract capital

rests in large part on the expectation, at times actually

realized as in the automobile and rayon industries,
37 that

prodigious profits are to be made. A new industry may also

divert capital to itself by promising stable rather than high

so See M. W. Watkins, "The Aviation Industry," Journal of Political Econ-

omy, February, 1931, pp. 57-60.
37 See R. C. Epstein, The Automobile Industry (A. W. Shaw, 1928), Ch. IX;

L. H. Seltzer, A Financial History of the American Automobile Industry

(Houghton Mifflin, 1928); and M. H. Avram, The Rayon Industry (2d edM
London, 1930), Ch. V.
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profits. For instance, the founding of the cotton manufacture

in New Bedford created a safer outlet for investment funds

than was provided by whaling and therefore led some of the

wealthy citizens of the town to shift their funds from whal-

ing.
38 The command by new industries over capital is not

limited to the free capital (money) that they are able to

attract; by bidding higher for the services of existing capital

instruments, they are able to divert the uses of these instru-

ments to themselves and in this way to acquire, in effect,

command over the capital which these uses represent. The
automobile industry furnishes a notable instance of a new

industry which depended largely during its period of infancy

on the capital facilities of other industries. 39 What is now

chiefly important, however, is the fact and not the process of

capital diversion. As capital flows into new industries, the

quantity available for the old industries tends to be reduced,

and this exercises a restrictive influence on their capacity

for expansion. At the same time, the increase in the capital

resources of the new industries enlarges the scale of their

operations, lowers costs, and thereby strengthens their com-

petitive power in the markets for intermediate and final

goods.

One of the outlets of free capital is the labor market. In

order to attract labor, new industries often have to outbid

the older industries.40 Thus, by offering high wages, the air-

as W. S. Tower, A History of the American Whale Fishery (Publications of

the University of Pennsylvania, Series in Political Economy and Public Law,
No. 20), pp. 75-6.

so The early automobile manufacturers did little more than assemble the

parts furnished by wood- and metal-working enterprises, the 'bodies' fur-

nished by carriage-makers, and so on. See Seltzer, Financial History, cited

above, especially Ch. VI; also, his "The Mobility of Capital," Quarterly Jour-
nal of Economics, May, 1932.

40 New units of established industries also tend to bid higher for labor than
old units. It is quite probable that the shift of labor from old to new industries

and from old to new concerns within given industries has been important
among the mechanisms through which a rise in the general level of wages
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plane industry has been able to draw on the working forces

of the automobile and furniture trades. 41 A more spectacular

instance of diversion through the lure of high rewards is

provided by the motion picture industry, whose personnel
has been recruited in large part from the legitimate theatre.

In order to attract a labor force, a new industry need not

always offer a higher remuneration per unit of labor than

the going rate for similar grades of work. It may offer in-

stead earnings which are low on the average, but prodigious
in exceptional cases. Thus, when gold was discovered in

California, there was a rush of labor from all over the

country to the gold fields, the whaling industry being among
the chief sufferers.42 Of course, the flow of labor into new

industries may mean a relative rather than an absolute diver-

sion of labor from old industries, and the former is of more

frequent occurrence in a progressive country. In either event,

as a new industry acquires command over increasing quanti-

ties of labor, its competitive strength in the markets for goods
tends to improve, while the capacity of the older industries

to expand tends to be restricted.

The new industries compete with the old also for supplies

of various sorts, and ultimately, if not directly, for raw ma-

terials. The bidding by the new industries against the old

industries will tend to effect a relative if not an absolute

diversion of raw materials to the new industries. As the

prices of raw materials rise, their production tends to be

stimulated. But natural resources are scarce: lands of high

fertility and rich ores of easy accessibility are available in

has been brought about. The conspicuously high average level of wages in the

western states is interesting in this connection. See P. F. Brisscnden, Earnings
of Factory Workers, 1899 to 1027 (Bureau of the Census, Census Monographs,
No. X), pp. 95, 138-42.

4i M. Coleman, "Rank and File of the Air," Survey Graphic, October,

1928, p. 7.
*2 Tower, cited above, p. 74.
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restricted quantities. As soils are worked more intensively

and poorer lands come under the plough, increased expendi-
tures of capital and labor are generally necessary to achieve

given amounts of produce. And the resort to poorer mineral

deposits means that the depth of mining must be increased,

or ores of lower quality extracted, or more distant mines

worked. In most branches of raw material production, tech-

nical advances have more than offset the tendency of natural

resources to yield diminishing returns to applications of

capital and labor; but in a few instances, as in anthracite

mining and in whaling, diminishing returns have been for

some time a thing of actual experience and not merely an

operative tendency. The fact that technical improvements

may counterbalance the increasing niggardliness of nature

does not make the restrictive influence of natural resources

any less significant. The retarding force is there, and tends

to be diffused from the extractive branches of industry

throughout the production system.

The insistence of the demand for industrial raw materials

has involved, of course, the use of inferior resources. In

many regions the quality of arable and pasture has deterio-

rated as a consequence of their being 'mined*. A good deal

of the westward expansion of crop acreage in recent decades

has meant a resort to lands of inferior quality, and conse-

quently, lower yields. More conspicuous has been the resort

to inferior mineral resources. The grade of dry and siliceous

ore treated for gold has been declining for some years, as has

the grade of siliceous ore treated for silver. The quality of

copper ore has been worsening rapidly: before 1870 copper
ores frequently yielded from 20 to 50 per cent in copper, but

the average yield was only 2.50 per cent in 1906 and 1.41 per
cent in iggS.

43 The yield of crude ores in the form of mercury

p. E. Richter, "The Copper-Mining Industry in the United States, 18^.5-

1925," Quarterly Journal of Economics, February, 1927, pp. 242-51; Mineral
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has been declining persistently.
44
Though improved technol-

ogy arid new mineral discoveries have generally served to re-

duce 'real costs' more than inferior resources have served to

increase them, the latter have prevailed in at least one mining

industry of major importance, the anthracite coal industry,

as may be gathered from the fact that the secular trend in the

price of anthracite coal has been generally upward since the

Civil War, and the secular trend in the productivity of an-

thracite miners downward since about 1900.

The competition for capital, labor, and materials has been

viewed as taking place between new and old industries; and

in this way it has become apparent how the continual ac-

cession of new industries comes to exercise a retarding in-

fluence on the older industries. But the competition for the

factors of production is pervasive through industry: all in-

dustries, new and old, compete with one another for the use

of productive resources, and the scarcity of these resources

tends to exercise a restrictive influence on the growth of all

industries. The retarding impulses are greatest when the

available quantities of productive resources least admit of

increase. As land area, considered with reference to both

general and (at a given state of the arts) many special uses,

is virtually fixed in quantity, the restrictive influence of its

scarcity on the various land-using industries may be dis-

cerned with exceptional clearness. Thus, the decline of the

lumbering industry is traceable chiefly to the pressure of

the cropping and grazing industries. The decline of wool

growing and the abated rate of progress of the sheep and

beef-cattle industries are accounted for in large part by the

encroachment of homesteading on pasture. The growing of

Resources, 1919, Part I, p. 556; ibid., 1929, Part I, p. 546. Of the 12 major
copper districts, 6 appear to have passed their zenith. See L. C. Graton, "Some

Aspects of the Copper Industry," Proceedings of the Mining and Metallurgical

Society of America, January, 1930, p. 11.

*4 Mineral Resources, 1925, Part I, p. 35; ibid., 1927, Part I, pp. 62-3.
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sugar cane has been checked by the fact that it is necessarily

confined to the southern area and even in this region is

grown beyond its natural climatic zone. And the rate of

development of the corn industry has been checked by the

difficulties of westward expansion, due to the semi-arid

condition of "he Great Plains, and of northward expansion,
due to the shortness of the growing season.

However, the scarcity of productive resources is practically

never absolute in any significant sense. Though it is at times

convenient to speak of them quantitatively, their true eco-

nomic meaning runs in terms of 'effectiveness* or 'productiv-

ity', which is a compound, most often inseparable, of their

quantity and quality. More important than the size of the

working population or the size of the land area under crops
is the 'productivity' of the one and the other. The moral

quality of a population enters significantly into the produc-

tivity of its labor, and the bounty with which its natural

agents are endowed, into their productivity; but whether a

given agricultural area or mine yields much or little to a

given application of labor depends fundamentally on the

technical competence with which labor is applied. Though
the generosity of nature and the industrial qualities of the

population may condition the state of technical knowledge,

they are at any one time completely subordinate to it, for

only through it can they be expressed. In this sense, the state

of technical knowledge in a community is the chief 'cause'

of its productivity. Every advance in technology means a

decrease in the refractoriness of nature, an increase in the

effectiveness of productive resources, and a decline in the

scarcity of productive resources: it means, therefore, an in-

crease in the possibilities of industrial growth.
43 The quan-

*s Accurate appraisal of technical progress (viewed broadly, so as to include

also improvements in the quality of labor and management), from an economic
rather than an engineering standpoint, is most difficult. The available guides
are given by price, 'net value product* per unit of output, and labor produc-
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titles of the factors of production might remain fixed or even

diminish; but if technical knowledge proceeded at a suffi-

ciently rapid pace, the restrictions on the growth of industries

arising from limited resources would be overcome; and the

physical possibility would exist of continued growth, even at

an undiminished pace, of the individual industries even of

an economy whose pattern of production was becoming in-

creasingly diversified.

But technical progress has served to reduce, not to elimi-

nate, the restrictions of productive resources. As their influ-

ence remains, the extent to which a given industry can ob-

tain a share of the available factors of production depends
on its relative competitive power, which in turn rests in large

part on its rate of technical progress in relation to other

industries. Technical progress is Janus-faced: while improve-
ments in any given industry, or in those technically related

to it, always tend to stimulate its development, improvements
in competing industries always tend to check its develop-
ment. As variations take place in the technical progress of

given industries in relation to their competing industries,

changes tend to take place also in their relative competitive

strengths in the markets for final goods and for productive
factors. Thus, an old industry 'may be able to check the inva-

sion of its markets by new industries if extraordinary im-

provements are effected in its technical methods. And a

large technical improvement in an industry producing some

raw material may enable it to reduce costs sufficiently to

stimulate consumption even more than economies in the use

of the material, originating in the technical improvements of

tivity. The first two are defective because of changes in the monetary factor;

their meaning is further complicated when industries are wholly or partly

monopolistic; finally, they reflect not only technical change but also 'diminish-

ing returns'. Similarly, labor productivity measures the joint result of tech-

nical progress and refractoriness of nature. Further difficulties arise when the

product is not uniform.
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other industries, had served to reduce it.

Ordinarily, however, technical progress contributes more

to the competitive power of the new than of the old indus-

tries, for technical progress is ordinarily more rapid in the

early than in the late stages of the development of indus-

tries.
46 Technical progress tends to proceed at a declining

rate because the possibilities of progress within any given

industry are limited: the greater the improvements effected

in an industry's technical basis, the less is left to be im-

proved, and betterments tend, therefore, to decline in im-

portance.
47 Thus, so far as progress in fuel efficiency is con-

cerned, nothing can compare with the inventions made by
Smeaton and Watt between 1769 and 1778; they reduced the

coal consumption of atmospheric engines from 30 pounds

per horsepower hour to 9 pounds, and therefore left a shorter

road to travel than that already traversed.48 Or take the

influence of transportation methods on the 'real costs' of

transporting: no matter how spectacular improvements in

the future may be from an engineering standpoint, they can-

4 This thesis has been argued brilliantly by Julius Wolf in his Die Volks-

wirtschaft der Gegcnwart und Zukunft (Leipzig, 1912), Ch. VI. But it is to

be observed that Wolf was concerned with the problem of retardation in gen-
eral economic progress. To him, the 'law of limited technico-economic de-

velopment' (das Gesetz der technisch-okonomischen Entwicklungsgrenze) in

individual industries was one of several 'laws' which pointed to a declining
rate of general progress in the future. See below, Ch. VI, sec. III.

47 The rate of mineral discoveries has characteristics similar to the rate of

technical progress; and the two are, in a sense, substantially of the same sig-

nificance, since the economic importance of each is expressed primarily in

price. Every new mineral discovery reduces by so much the possibility of

further discoveries, and for this reason a declining rate ot mineral discoveries

is to be expected. Apparently, the discovery of mineral deposits has actually
been proceeding at a declining rate. There has not been an important dis-

covery of iron ore in the United States since the Lake Superior ranges were

opened up, a major lead discovery since 1886, a major gold discovery in

twenty-five years. With the exception of oil, a major source of minerals has

not been discovered in this country since 1910. See C. K. Leith, World Minerals

and World Politics (McGraw-Hill, 1931), p. 26.

See Tryon and Rogers, cited above, pp. 360-3.
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not possibly reduce costs to the same absolute extent as did

the steamboat and railway. Professor Kuznets found in his

survey
49 of the technological histories of the cotton, woolen

and worsted, iron and steel, boot and shoe, paper, and cop-

per industries, that the rate of technical progress in each of

these, except copper, has been slackening; and there are

good grounds for questioning whether copper is any longer

a real exception.
50

It must be observed, however, that, restricting the point

of view to something less than the entire histories of indus-

tries, the technical progress in a given industry tends to pro-

ceed at a declining rate only so long as the improvements
effected do not alter the fundamental character of the indus-

try's technique. Changes in the basic technological frame-

work of an industry do take place occasionally as in the

glass industry during the last quarter of the nineteenth cen-

tury with the coming of mechanization, in the rice industry

during the decade of the i88o's with the adoption of imple-

ments employed in wheat-farming, in the Portland cement

industry around 1890 with the introduction of the rotary

kiln, and in the sulphur industry around 1900 with the ap-

plication of the new Frasch process. In such cases, it will

generally be found that the rate of technical progress has

abated definitely in the period subsequent to the date when
the fundamental transforming 'invention' took place; though

4& Kuznets regards the tendency -towards abatement in the rates of technical

progress in individual industries as the most important cause of retardation in

their growth. See his Secular Movements, cited above, Ch. I.

so
According to F. S. Butler, "there is indubitably a law of diminishing

returns applying to further technologic advances in copper production, be-

cause the aggregate losses in its treatment have become relatively slight and
the maximum benefits of large tonnage production are probably already

generally realized in mining, milling, and smelting practice" (Mineral
Resources, 1928, Part I, p. 713). Professor L. C. Graton expresses (in a letter

to the writer) assent to the above statement, except that he would prefer to

say that "there is a tendency toward diminishing returns applying to further

technologic advances .... etc."
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when the period of observation is extended back of that

date, the length of the period encompassed will alone deter-

mine whether the rate of technical progress may be con-

sidered as having abated. It is true, then, that old industries

may experience technical changes comparable in magnitude
with those ordinarily experienced by new industries; but the

important fact is that revolutionary changes in the tech-

nologies of industries are rare centuries elapsed between

the invention of the mariners' compass and the steamboat.

The basic technological framework of most industries has

remained the same since the 'industrial revolution* took

place in them; and in view of the persistence of the basic

framework of industries, the generalization that technical

progress tends to abate as the age of an industry increases is,

in practice, no less significant for its being restricted to the

period within which that framework continues. 51

Though old industries are able to replenish their vigor

from technology, they are generally unable to do this suffi-

ciently to offset the check to their rates of development,
which comes from the more rapid technical progress of com-

peting new industries. Being special beneficiaries of tech-

nical progress, new industries tend to reduce the prices of

their products more than old industries, and therefore tend

generally to increase the markets for their products more

rapidly. Apart from the stimulus derived from falling prices,

the markets for new products tend to grow swiftly for a time

because of the customary receptivity of some buyers to new

products. The general result is that the old industries find

the markets for their products dwindling relatively if not

si It may be argued that when the basic technological framework changes,
what we really have is a cessation of one and the inception of another indus-

try. Wolf's generalization becomes almost universally true on the basis of such

a conception of industry. However, were it not for the fact that the basic tech-

nological framework of industries changes very infrequently, Wolf's generali-
zation would be of little importance.
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absolutely; and when they attempt to recapture their mar-

kets by cutting prices, in the expectation that they may be

able to transfer the burden to the factors "of production, they

find themselves foiled by the new industries which, favored

by expanding markets and inflow of capital, are bidding up
the prices of productive agents. What is true of 'old' indus-

tries soon becomes true of the 'new'; for in the very periods
of their adolescence, they are already obstructed by younger
and more vigorous industries.

Thus, as the American economy has progressed, abate-

ment has been experienced in the rates of development of

its individual industries. The declining rate of population

growth has been, if at all, an 'ultimate' cause of the retarded

growth of only the aggregate production of foodstuffs and

certain other consumers' staples. More important factors are

industrial diversification and industrial conservation, oper-

ating in a world of scarce productive resources; and the

tendency of technical progress, of whatever sort, to take place
in individual industries at a diminishing rate. The number
of commodities produced has been increasing rapidly in the

face of scarce resources; and although improvements in our

many-sided technology have served to diminish the restric-

tions imposed by scarce resources, they have not sufficed to

permit the growing number of individual industries to ad-

vance at an undiminished rate. Industrial conservation has

made extensive headway and has potently promoted retarda-

tion in the industries producing raw materials; and while

industrial conservation, like other forms of technical prog-

ress, has served to increase the extent to which productive
resources will go, it has not done this sufficiently to enable

individual industries, including the raw materials or even

excluding them, to advance at an undiminished rate in the

face of increasing industrial diversification. Finally, the rate

of progress in the technical processes of our individual indus-
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tries, whose number has been steadily increasing, has been

uneven: it has been more rapid in the new than in the old

industries, and it has therefore made for a more rapid rate

of growth in the new than in the old industries and for a

more rapid rate of growth in the early than in the late stage

of given industries.

4. Impact of the Outside Economy
The forces making for retardation have operated unceas-

ingly, but without regard to political boundary lines. They
have been operative in the markets and workshops of the

outside economy as well as in our own: new mineral dis-

coveries, new brandies of manufacture, changes in industrial

organization, and new or improved industrial techniques in

foreign countries have influenced the production trends of

our industries in much the same way as have economic

changes in this country. Those of our industries which pro-

duce commodities that move in foreign trade are branches

of world industries, and are therefore immediately affected

by any changes in the outside economy; and those of our in-

dustries which produce solely for the domestic market are

related by commercial and technical bonds to those produc-

ing partly or wholly for the foreign market, so that the

influences exerted on the latter tend to be transmitted to

the former. The foreign branch of a world industry may
experience growth because of improvements in its tech-

nology, general industrial environment, or organization

(particularly, its relation to the state, as expressed in tariffs,

bounties, and so on); but irrespective of what the causes

making for the growth of the foreign industry may be, they
will exercise a retarding influence on the domestic industry,

and this influence will tend to be reflected in the industries

related to it. Similarly, the forces making for a decline in

the foreign branch of a world industry, provided they arise
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out of the internal economy of the industry rather than its

industrial environment, will exercise an accelerative influ-

ence on the domestic industry.

While the impact of the outside economy on domestic

production cannot be measured statistically, it can be de-

tected roughly in statistics of the changing contribution of

the United States to the world output of various commodities.

Such data might be presented for a fairly large number of

commodities; but this is unnecessary, and the few figures in

Table 26 will suffice for illustrative purposes. The table

records the percentage of the world production of certain

important materials which has been accounted for by the

output of the United States, by decades from 1870. to

1910, and quinquennia since then. These percentages are

crisp summaries of the effects of the myriad factors imping-

ing on the development of the American and foreign

branches of certain world industries. When the forces mak-

ing for the growth of an industry producing an 'interna-

tional' commodity are more potent in the outside economy,
the domestic percentage of the world output will decline,

and the converse will hold when progressive forces are more

potent in the domestic economy. Table 26 is limited to

commodities in the production of practically all of which the

United States has had of late, if not for some time, a declin-

ing share in the world total; but the table is not intended

to convey, and it would be wildly inept if it did, any infer-

ences concerning the trend of American production as a

whole in relation to world production.

Bearing in mind the limited scope of the data and their

illustrative function, they are amply illuminating; for they

indicate that the development of the outside economy has

been an important force making for a declining rate of

growth of many domestic industries. The commodities listed

in Table 26 fall into three groups. First, come gold, silver,
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cotton, and wheat; these commodities are of the type in

which America's relative contribution to the world total has

been declining fairly persistently for a rather long period.
52

Petroleum stands by itself; the American percentage de-

clined for some years, but it has risen of late, and during
the last decade the percentage was higher than during any
other except the first. The remaining commodities are min-

eral products of major importance coal, pig iron, steel, cop-

per, zinc, and lead. They tell an astonishingly uniform story:

for some time their production forged ahead more rapidly
in the United States than in the rest of the world; a peak
was reached during the War period; and since then the

outside economy has definitely outstripped the United States.

The American output of these mineral products increased

disproportionately during the period of War stress, so that

a relative decline was to be expected once Europe's produc-
tive: capacity was restored. However, the drift of the per-

centages for certain of the commodities, most notably copper,

suggests that the War merely accentuated a peak which was

already impending.
The impact of the development of the outside economy

on the fortunes of individual industries in the American

economy may also be detected in figures of the fraction of

the domestic output of various commodities which has been

exported. Such statistics are not nearly so informative as the

data already presented: the relative exports of a commodity

may be constant while the relative contribution of the do-

mestic product to the world total is declining, for domestic

production may grow at the same rate as domestic consump-
tion but at a lower rate than world production: or the rela-

tive export of a commodity may be declining while the

relative contribution of the domestic product to the world

&2 Except for wheat, which rose during the War and immediate post-War
years.
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total is increasing, for the domestic economy may be out-

stripping the foreign economy in both production and con-

sumption, but to a greater extent in the latter. All the same,

the figures in Table 27, restricted to agricultural staples of

large contemporary interest, are of some significance; for

they strengthen the common impression that the competitive

power of American agriculture in world markets has been

declining for some time. It will be noticed that the trend in

Table 27

PERCENTAGE OF DOMESTIC PRODUCTION OF CERTAIN

AGRICULTURAL PRODUCTS EXPORTED *

* SOURCES: (A) Production figures: The data used are those given m Appendix A,
Table 44, and described in Appendix B. The figures for 'all meats' are taken from

Department of Agriculture, Statistics of Meat Production, Consumption and Forciyn
Trade of the United States, 1900-1930 (mimeographed). (B) Figures of exports: The
data are taken from Yearbook of Agriculture, except for meats, their source being
Statistics of Meat Production.

COMMENTS: Figures of exports relate to 'net exports'; this includes total exports
(domestic plus foreign) minus total imports. In 'all meats' are included beef, veal,

lamb, mutton, pork, and lard. There are no data for meats prior to 1900.

relative exports has been sharply downward in cotton and

tobacco, the two major crops of which the largest percentage
of the domestic output is exported; that the trend has been

definitely downward in corn, and meat products; slightly

downward in wheat;
53 and upward, though sharply so, in

barley only. Various statistics indicate that the proportion of

B-3 According to the figures of the Department of Agriculture, the trend in

the relative export of wheat has been pronouncedly downward. The wheat

production figures used in Table 27 are estimates of the Food Research In-

stitute.
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our aggregate agricultural output exported has been declin-

ing decisively,
54 and that even the general trend of the voi

ume of agricultural exports has of late been downward. For

a time the War afforded a buoyant interlude to agricultural

exports, but there has been little else to check their decline.

In part, the decline is accounted for by increasing domestic

consumption, but the competitive advantage of certain new

agricultural areas in foreign countries has been an important

contributory factor.53 The decline in agricultural exports has

tended to restrict the rate of growth in the production of

agricultural staples in this country.

5. Cumulation of Retardation Forces

Though we are concerned in this inquiry with the causes

of industrial retardation, not with its consequences, certain

of the effects of retardation are important in promoting fur-

ther retardation, and account must therefore be taken of

them. Once a decline in the rate of growth has become

marked, it is rarely accepted fatalistically by an industry.

The leading firms will strenuously set about to improve
their product, acquaint the public with its merits, or extend

its possible uses. Such activities being in the interest of the

industry as a whole, they are best pursued in concert through
some central agency. Thus, retardation of industrial growth

promotes industrial consciousness, perhaps more so than any
other factor; and when a feeling of common interest has be-

&* Beginning with 1895, the decade rates of the series 'agricultural exports'

(a rather comprehensive index of the physical volume of agricultural exports)
are consistently below, except for 1910-20, the decade rates of any of the

indexes of production of major crops. Also, the retardation indicated by

agricultural exports is -1.3 per cent, while the various crop indexes show a

retardation of about -0.8 per cent. The coverage of the indexes of crop pro-
duction is not the same as of the index of agricultural exports, but the differ-

ence between their rates of growth would probably be larger if the indexes of

crop production had as large a coverage as the index of agricultural exports.
See pp. 264-5.

as See pp. 68-9.
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come sufficiently crystallized, it is often given concrete form

in a national trade association. The main object of such a

body is to promote the group interest; that is, to aid its

members in obtaining the largest possible fraction of the

total national income.

Technical research is one weapon employed by an indus-

try experiencing a declining rate of growth. It is conducted,

in part, cooperatively through a trade association binding
the enterprises of the industry together,

56 and in part, indi-

vidually by the strategic establishments of the industry. The

general aims of technical research are to lower costs, improve
the industry's product and the products complementary to

it, and develop new uses for the product. But technical re-

search, especially when conducted by private enterprises, is

often inspired by a still higher aim: the development of new
commodities which may prove marketable, attain consider-

able vogue, and become industrial prodigies. Systematic

industrial research is a powerful weapon of industrial de-

fense and offense: in the degree to which it is wielded suc-

cessfully by an industry, old markets are regained and new
markets won.

The fundamental objective of any industry is to maintain

and extend its markets. At least over short periods of time,

this objective may be realized with considerable success,

even when the product of the industry is technically defec-

tive. Technical betterments themselves are sought primarily
for the gains they may bring in the markets for goods. Hence,
an industry experiencing retardation is even more likely to

resort to increased selling activity than to technical research;

and when it does resort to the latter, it will almost always
also resort to the former. There is a strong tendency for the

6 See Cooperative Industrial Research (U. S, Chamber of Commerce, De-

partment of Manufacture, Publication No. 1019).
w See T. M. Switz, "An Economic Appraisal of Intercommodity Competi-

tion," Chemical and Metallurgical Engineering, January, 1931.
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trade association of such an industry to become active in the

promotion of sales: to conduct market analyses with the

aim of discovering latent sources of purchasing power; en-

gage in publicity campaigns intended to acquaint the public
with neglected merits of its product; bring its product before

the public through the medium of symbolic advertising;

attempt to stimulate legislation calculated to prove beneficial

to the industry, or else detrimental to competing industries;

and try to foster 'friendly relations' with the general public

especially when there is any danger of governmental inter-

ference with the wonted course of the industry. Quite apart
from the efforts expended by the trade association, the strate-

gic firms persistently pursue sales activities on their own
account: they advertise, publicize, and devise ingenious
schemes of financing and service. In a variety of ways, then,

the sum of salesmanship is fostered. Instances of striking

originality in the technique of salesmanship are to be found

in all kinds of industries, but they are most likely to be

found in hard-pressed industries lighting for their very exist-

ence. And perseverance and ingenuity in marketing are fre-

quently rewarded by new markets.

Industries as yet undisturbed by retardation will often

wield technical research and salesmanship, the two weapons
of interindustrial competition, quite as militantly as indus-

tries experiencing sharp retardation; for they will attack to-

day in order to be better able to defend tomorrow. The
numerous industries wielding these weapons have done so

with varying diligence and proficiency, and success has been

unevenly distributed. Taken as a whole, the conquests to

be imputed to them are very large, and much of our indus-

trial history would be different were it not for their opera-

tion. But only this is now important: the industries which

succeed in maintaining or extending their markets, through
the pursuit of technical research and large-scale salesman-
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ship, intensify by the very fact of their success the difficulties

of other industries. As technical research and salesmanship
are cultivated more intensively, the tempo of industrial

change is increased. Every technical betterment or market-

ing gesture releases fresh forces making for retardation in

the growth of individual industries. So, the forces making
for retardation, earlier analyzed, are seen to cumulate in

strength; once released, they are not soon spent, but rather

gain momentum as they work themselves out through some

of their effects.

6. Influence of Structural Changes

We have argued that the forces making for retardation in

the industries of an advancing economy tend to dominate,

in the generality of cases, over the forces making for accelera-

tion. Except for casual mention that abrupt and revolu-

tionary changes occasionally take place in the "technologies

of industries, the argument has implicitly assumed that eco-

nomic changes operate in a continuous and regular way
that is to say, that their impact on a given industry at any
one date is closely correlated with their impact at any preced-

ing date. This is doubtless the case in the generality of indi-

vidual industries; were it otherwise, production records

would ordinarily show 'breaks' and 'discontinuities'. How-

ever, such 'breaks', though rare, are found occasionally: they

may be caused by a comprehensive transformation of an

industry's technology,
58 a new invention which revolution-

izes the market for an old industry's product, a discovery of

a mineral deposit overshadowing known deposits, or a revo-

lution in fashion. When some such cause impinges on an

industry, one epoch in its history has really come to a close

and another begun. A single trend line fitted to portions of

both epochs is likely to be misleading. It may show an hi-

ss See pp. 142-3.
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creasing rate of growth; but when the acceleration is trace-

able to a discrete, fundamental change in the conditions

underlying the industry's operation, it cannot be interpreted
as a reflection of continuously operating forces. Such a trend

line may conceal the decline in the rate of growth up to the

time when the revolutionizing change took place, and also

the retardation subsequent to that change. A number of the

instances of acceleration which our statistical survey has dis-

closedrubber imports, light petroleum distillates, burning
oils, cigarettes, and face brickare of just this character.

Thus, the growth of the automobile industry revolution-

ized the demand for the products of the rubber, and petro-

leum refining industries. Previous to 1910 or thereabouts,

the growth of rubber imports reflected the manufacture of

such things as boots and shoes, raincoats, and medical sup-

plies; but since 1910 rubber imports have been increasingly

dominated by the demand coming from manufacturers of

automobile tires, casings, and tubes. Similarly, prior to

about 1910, products of the petroleum refining industry

found their chief uses as illuminants and lubricants; since

then, gasoline the driving fuel of the internal combustion

engine has become the most important product of petro-

leum refining. The output of other derivatives of crude

petroleum has also increased rapidly, though as a conse-

quence very largely of their joint production with gasoline.

It is true enough that the rubber and petroleum refining in-

dustries show acceleration in our measurements, but the

period since 1870 has not been 'homogeneous' for these in-

dustries, and when it is broken down into economic subpe-

riods, the rule of retardation is actually found to hold. The
data of rubber imports show a break in trend some time

5 See R. B. Prescott, Analysis and Forecast of the World's Crude Rubber

Consumption (pamphlet by Rubber Association of America, May, 1924), pp.

9-10.
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around 1910 more particularly, a declining rate of growth

up to about 1910, and a declining rate of growth once more,

though along a steeper trend, since then. Data on the pro-

duction of light petroleum distillates 60 tell almost exactly

the same story; and so do the data on burning oils, but not

with quite the same distinctness.61

Other industries whose underlying conditions changed

radically at some time during the period under survey are

cigarette production and face brick production. A new
stimulus of large magnitude was imparted to the cigarette

industry during the War, when the cigarette became the

smoking favorite of soldiers, and this stimulus has been

carried forward by the widespread adoption of the cigarette

by women. Despite the acceleration indicated for the period
taken as a whole, the period up to about 1915 shows distinct

retardation, and so does the period since that date. 62 In the

face brick industry, a strenuous advertising campaign has

apparently resulted in lifting the level of output of the in-

dustry in the period since 1920. Again, despite the accelera-

tion indicated for the period as a whole, the period up to

about 1920 shows retardation, as does the period since then,

though along a much steeper trend than previously.
63

fio This series includes more than the production of gasoline; see Appendix
B, II. But if a record of gasoline production alone were available, it would

probably have the same trend characteristics.

01 Rubber imports show an acceleration of 1.6 per cent for the period

1870-1929, but a retardation of -0.5 per cent for 1870-1910. Light petroleum
distillates show an acceleration of 3.1 per cent for 1879-1929, but a retardation

of -0.7 per cent for 1879-1909. Burning oils show acceleration not only for the

period 1879-1929 but also for 1879-1909; but the gaps in data for the early

period are greater than for the later period, and the relations of the figures
for 1879, 1889, 1904 and 1909 appear somewhat irregular. Each of the three

series shows unmistakable retardation for the period since 1910; this period
is too short to warrant the computing of retardation measures.

02 Cigarette production shows an acceleration of 0.3 per cent for the period

1880-1929, but a retardation of -1.1 per cent for 1880-1915. It is to be ob-

served, however, that there is no very definite 'break* in the trend of this

industry at 1915 or thereabouts. See p. 1 19, note.

os Face brick production shows an acceleration of 0.5 per cent for the period
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Fundamental changes in the conditions of industrial oper-

ation have not been limited to industries in the group

evidencing acceleration. It is partly an accident of the periods
covered that our measures show declining rates of growth
for certain of the other industries affected by revolutionary

changes particularly petroleum, rice, and sulphur. It has

already been observed that beginning with about 1910, the

automobile provided a great stimulus to the rubber and

petroleum refining industries. The technical conditions of

extracting petroleum permitted a large expansion in these

industries. So, while petroleum production evidences moder-

ate retardation for the period 1870-1929, it shows consider-

ably greater retardation for the period 1870-1 9 io. 64

The sulphur industry is instructive because it furnishes an

instance of a 'break' in trend originating in a technical in-

vention which made tremendous deposits of a coveted min-

eral commercially available. Prior to about 1900 the Amer-

ican sulphur industry was of negligible importance, most of

the sulphur used in the country coming from Sicily. Though
extensive and pure sulphur deposits were known to exist in

Louisiana, they could not be mined in the ordinary way,
as they were overlain with quicksand impregnated with

hydrogen sulphide gas. In 1901 mining was started through
a method, invented by Herman Frasch, whereby sulphur was

melted underground and then pumped to the surface. 65 With
the leading technical problem solved, the production of sul-

1879-1929, but a retardation of -1.5 per cent for 1879-1920. The retardation

would not be quite so high for the latter period were the War-years excluded.
fl* The measure of retardation is -0.3 per cent for the period 1870-1929,

but -0.9 per cent for 1870-1910. (However, the 'break' in the trend of petro-
leum seems to come somewhat earlier than 1910.) Petroleum production does

not show any retardation since 1910.
85 H. Wigglesworth, "Chemical Industries" (Ch. IV in Representative In-

dustries in the United States, ed. by H. T. Warshow; Henry Holt, 1928), pp.

135-6. The Louisiana deposits have since been exhausted, mining operations

having been suspended in 1924. But large deposits have been found in Texas,
and the industry has continued to grow.
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phur began to mount: it rose from 5,000 tons in 1902 to

85,000 tons in 1904 and to 364,000 tons in 1908; by 1917

output exceeded one million tons, and in 1929 it reached

the stupendous aggregate of 2,362,000 tons. While sulphur

production shows a declining rate of growth for the period

1880-1929, its rate of retardation for the period since 1900
is very much greater.

60

Finally, the rice industry provides an instance of a break

in trend originating in mechanization. Though the Ameri-

can rice industry dates back to colonial days, its present

mechanized technique goes back to only about 1890. The
transformation in the technology of this agricultural in-

dustry was carried through in very short time. During 1884

and 1885 the Louisiana prairies were settled by a group of

farmers from the northwestern prairie states. Some one

among them conceived the brilliant idea of transferring the

implements employed in wheat farming to rice cultivation.

"In place of the old hand-sowing, hand-hoeing, and hand-

harvesting, now came the gang-plow, the broadcast-seeder

and drill, and disc harrow, and the twine-binder and har-

vester." 67 A sharp break in the trend of rice production can

be discerned during the decade of the 'nineties. While rice

production is credited with only a mild rate of retardation

in our measures, the actual rate of retardation was rather

considerable during the economic subperiods bounded ap-

proximately by the year 1895.**

The instances of abrupt change in the conditions of in-

dustrial operation which have been cited indicate that the

assumption of continuity in economic change, on which our

* The measure of retardation is -2.3 per cent for the period 1880-1929, and

-7.5 per cent for 1900-29.
T A. H. Cole, "The American Rice-Growing Industry: A Study of Compara-

tive Advantages," Quarterly Journal of Economics, August, 1927, p. 605.
The measure of retardation is -0.4 per cent for the period 1870-1929,

but -3.5 per cent for 1870-95 and -5.5 per cent for 1895-1929.
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general analysis of the causes of industrial retardation has

mainly proceeded, does not conform to the actual events

in the histories of some of the industries; but the instances

of discrete change indicate no more than this. A vitalizing

force of large magnitude occasionally impinges on an in-

dustry and quickly transforms its status in the economic

system. When a fundamental change in the underlying
conditions of an industry takes place within a short period,

a 'break' in its trend will generally be discernible. A measure

of retardation encompassing portions of the period preced-

ing and following the fundamental change will understate

the true retardation, and at times will show even accelera-

tion.69 But the rule of retardation seems to hold when in-

dustrially homogeneous subperiods are analyzed separately.

7. Retardation and Industrial Decadence

For a time the forces making for retardation may be more

than offset or just offset by those making for acceleration.

But in a progressive economy the forces conducing to re-

tardation operate with great effectiveness: many industries

soon find that not only has their growth been retarded, but

that it has been retarded so extensively that they have ac-

tually entered the phase of decadence. In some cases the

forces making for retardation continue to press relentlessly

until the industry reaches extinction. In other cases, the

forces making for retardation relent: an industry may con-

tinue to shrink, but at a declining rate, or it may even

experience a favorable structural change and become re-

vitalized; such industries will show an increasing rate of

growth in an algebraic sense.

69 We have considered only such breaks in trend as mark industrial revitali-

zation, this being the one type revealed by our series. A case of sudden collapse
is afforded by the mackerel industry, which experienced an almost perpen-
dicular decline in output during the middle 'eighties. See Outlook for the

Mackerel Fishery in 1931 (Bureau of Fisheries, Fishery Circular No. 4), p. 4.
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The drift in the rates of decline of decadent industries is

in some ways more puzzling than the drift in the rates of

growth of progressive industries. It is therefore regrettable

that the available statistical record of decadent industries is

seriously inadequate. Viewed from the standpoint of both the

duration and the intensity of their decline, only the following

of our series show pronounced decadence: cod and mackerel,

whale, hemp, New York canals traffic, maple sugar, walking

plows, non-Portland cements, and mercury. With a view to

obtaining a larger grasp of decadent industries, we may add

several series hitherto unanalyzediron rails, anthracite pig

iron, charcoal pig iron, cut nails, and fine cut tobacco. 70 Even

so, the number of decadent industries remains small; but

since the data available do not enable us to go further, they
will have to serve our purpose.
Two groups or types of decadent industries raise no new

questions. The first comprises industries which have van-

ished completely such as iron rails and anthracite pig iron. 71

The forces making for retardation have pressed insistently

in such industries, not relenting until the industries disap-

peared. Necessarily, their rates of decline increased rapidly,

at least during the last phase of retrogression. The second

group comprises 'decadent' industries whose decline has been

checked as a result of some structural change. A case in point
is New York canals traffic which has experienced a notable

revival since 1918, when the elaborate canal improvements,
under way for many years, reached completion. If we confine

our observation of New York canals traffic to the period

prior to about 1920, a very considerable retardation is evi-

70 Figures on the production of fine cut tobacco are given in the Annual

Reports of the Commissioner of Internal Revenue. Figures for the other sup-

plementary series are given in the Annual Statistical Reports of the Ameri-
can Iron and Steel Institute.

?i Iron rails have not been produced since 1911. No pig iron has been
smelted with anthracite alone since 1914, and none with an anthracite-coke

mixture since 1923.
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denced, even though the full period through 1929 shows

acceleration in our measures.72 There is little difference be-

tween this instance of industrial rejuvenation and those

cited earlier.

The case of decadent industries which are still with us

and whose decline has not been interrupted by a structural

change is more difficult to comprehend. The statistical rec-

ords we have for industries of this type suggest that once

their trend has turned definitely downward, the rate of

decline increases for some time, but later begins to abate.

The duration of the period over which the decline is ac-

celerative varies from industry to industry. It appears to

have been rather brief in the production of non-Portland

cements and cut nails, but rather long in the whale 'fishery'.

In certain industries for example, the production of hemp,

mercury, charcoal pig iron, maple sugar, fine cut tobacco,

and walking plows the phase of abatement in the rate of

decline does not appear to have been reached even yet; and

there is no telling whether it ever will be. Those decadent

industries which have entered the phase of abatement in

their rate of decline are very likely to show acceleration in

our measurements.

The fundamental question which decadent industries

raise is why some of them show abatement in their rates of

decline after a certain period of decadence. The fact of

abatement means that the resistance offered by the declining

industry to further inroads on its markets increases. The
smaller the output of a declining industry, the greater is

such resistance likely to be; for, with a small output, the

industry comes to satisfy fairly tenacious and impregnable
wants. The decadent industry may produce an altogether

inferior product; but the ignorance or inertia of small

72 An acceleration of 0.8 per cent is indicated for the period 1870-1929, but
a retardation of -1.6 per cent for 1870-1920.
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groups may enable the industry to linger on. Or else a

declining industry may produce a commodity, which has,

or is believed to have, special merits for certain uses; and

as the amount required in these residual uses approaches
more closely the total consumption of the commodity, the

rate of decline of the industry will tend to abate. Thus, the

cut nail has been increasingly supplanted by the wire nail,

which is easier to handle, more attractive in appearance, and

for which automatic nailing machines have been devised.

But the use of cut nails has continued in hardwood flooring

and paneling, in part because blunt-pointed nails tend to

prevent splitting, and in part because there is a belief in the

trade (not wholly justified) that cut nails have greater hold-

ing power. About 90 per cent of the current output of cut

nails goes into flooring and paneling; and the persistence of

the demand for these uses has checked the rate of decline of

the cut nail industry.
73

Then again, if the demand for one of a group of com-

modities produced by a joint process is sharply curtailed,

the continuing demand for another of the joint products

may tend to check the rate of the industry's decline. Such

abatement in the rate of decline may take place even in the

face of rapidly diminishing resources. Thus, the American

whaling industry suffered a severe setback when whale oil

and sperm oil gave way to kerosene and paraffin wax; and

even the persisting demand for whalebone did not suffice

to check the rate of decline. 74 When, some time later, the

demand for whalebone was practically eliminated as a con-

sequence of change in dress fashions and of the development
of substitutes for the costly whalebone, the whaling industry
was operating at a very low level, and only a small stimulus

*a The writer is indebted for information concerning cut nails to Mr. R. W.
Thompson of the Reading Iron Company and Mr. J. A. Newlin of the Forest

Service of the Department of Agriculture.
. S. Tower, cited above, Chs. VIII-IX.
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was needed to check its rate of .decline. This was supplied

by an increased demand for whale oil originating with soap
fabricators. This new change in the current of demand has

apparently been sufficient to check the rate of decline of the

whaling industry; though neither the revived esteem in

which whale oil is now held, nor the new technology of

whaling,
75 has sufficed to impart a fillip to the American

branch of this industry now virtually extinct. Whaling has

passed largely into the hands of Norwegians, who in recent

years have had remarkable success in the Antarctic regions

where whales are still found in great abundance.

The cases of acceleration among lingering decadent in-

dustries are theoretically more important than those among
progressive industries. As we have seen, the latter, when

statistically reliable, generally reduce to retardation, the

moment our measurements take account of structural

changes in the status of industries. 76 However, the accelera-

tion found in decadent industries whose decline has not been

interrupted by a structural change cannot be resolved in

this fashion. These cases of acceleration are 'real', and they
are indicative of the slackening of progressive forces. For,

if the pressure of technical or market factors did not relent,

industries which had begun to decline would continue to do

so and soon reach extinction; or else, as progressive forces

within the industry continued to press, a structural change

might take place in the declining industry, which once re-

juvenatedwould embark on a new career of rapid growth
and retardation.

8. Variation in the Rates of Retardation

Our earlier statistical survey disclosed, but left uninter-

preted, the quantitative differences among the rates of re-

* See C. H. Townsend, "Twentieth Century Whaling," Bulletin New York

Zoological Society, January-February, 1930.
76 See pp. 154-5, and Appendix C. II.
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tardation of the individual industries; for that survey was

virtually restricted to the one purpose of establishing the

generality, rapidity, and continuity of retardation in the

ensemble of industries. Now that our analysis of the causes

of retardation is completed, it is desirable to examine some

of the general variations in the actual rates of retardation.

Our sketch of the causes of retardation furnishes clues for

interpreting these variations, and that sketch itself will gain

support from a quantitative study of industrial differences.

This study will be confined mainly to the continuous pro-

duction series.

The rates of retardation of two groups of series earlier

distinguished 'all' series and basic series, the first group in-

cluding practically all of the second are summarized in

Table 28 and Chart 3. It will be observed that, on the aver-

age, the rates of retardation of the basic series are distinctly

lower and more nearly uniform than the rates of retardation

of the non-basic series. 77 These differences accord with what

the general analysis of industrial retardation suggests. The
series classed as 'basic* represent industries of considerable

importance and of extensive reference, and in such industries

strong tendencies are at work towards cancellation of the

forces making for retardation by the forces making for ac-

celeration. For instance, retardation in the consumption of

a leading raw material by old industries, originating in

either a retardation of their output or increased conserva-

" The difference between the basic and non-basic groups is greater than
the frequency distributions may suggest, for the 'all' series group includes

practically all of the basic group. A direct comparison of the rates of retarda-

tion for 59 basic series and 41 non-basic series shows the following: arithmetic

mean for basic series, -0.9 per cent, for non-basic series, -2.0 per cent; median
for basic series, -0.9 per cent, for non-basic series, -1.7 per cent. The measures
of stage of retardation confirm the difference found between basic and non-
basic series. (The composition of the various groups, except the non-basic, is

set forth in Appendix A, Table 46, columns e and /. The numbers of the

non-basic scries are: 2-4, 8, 11-2, 16-7, 21-2, 30, 35, 37-8, 40-2, 44-5, 51, 54,

57, 61, 63, 65, 67, 69-70, 72, 75-7, 81, 84, 87-9, 94, 96, 98, and 103.)
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Table 28

FREQUENCY DISTRIBUTIONS OF AVERAGE RATES OF RETARDATION,
FOR 'ALL' SERIES AND BASIC SERIES

*The item in this class is 11.5.

tion in the use of the material, will tend to be counteracted

in considerable measure by the demand for the raw material

originating with the 'new* and vigorously growing industries.

The consequence is that the rates of retardation of the basic

series are only moderately high in their general level and
in the degree of their dispersion. The non-basic series, on
the other hand, include a number of rather new industries,

whose spectacular rates of growth in the early decades have
since been sharply curtailed, so that their rates of retarda-
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tion are very high. They include several retrogressive indus-

tries, decadent for some time, which have experienced
abatement in their rates of decline, so that their rates of

retardation are low. They include also several industries

which only recently have entered the phase of decadence, so

that their rates of retardation are high. On the whole, the

non-basic series represent industrial activities whose growth
has been subject to a smaller degree of counteraction of the

Chart 3

FREQUENCY DISTRIBUTIONS OF AVERAGE RATES
OF RETARDATION OF 'ALL' SERIES AND BASIC SERIES

'All' nes Basic series

-117 -102 -87 -72 -57 -42 -27 -12 03

Average rite of retardation (per cent per decade)

-10

-42 -27 -12 03 18

Average rate of retardation

(per cent per decade)

forces making for retardation by those making for accelera-

tion than is found in basic series; for a restricted number of

factors ordinarily dominate the impulses impinging on the

development of individual non-basic industriesas when the

demand for a raw material arises in few sources, or the de-

mand for a finished product is subject to vagaries of fashion,

or a commodity is produced under conditions of rapidly

diminishing resources. The consequence is that the rates of

retardation of the non-basic series, while higher in their

general level than the rates of the basic series, show greater

dispersion.

It is apparent from the comparison of the basic and non-

basic series that there is some relation between the rates of

retardation of production series and the degree of generality



i66 PRODUCTION TRENDS

of their industrial reference. Of course, this relation is not

disclosed very satisfactorily by a dichotomous classification,

inasmuch as there are considerable differences in the degree
of generality of the series in both the basic and non-basic

groups. Though it is not feasible to attempt a more detailed

classification of the series from the standpoint of their de-

gree of generality or specificity, effective comparisons can

readily be made in the case of commodities whose records of

both production and industrial consumption are contained

among the series analyzed. Since the consumption of a given
raw material extends over a wide geographic area and is

shared by a large number of industries, a consumption series

has a wider (direct) industrial reference than a correspond-

ing production series. Of the nine commodities 78
admitting

of comparison cotton, wool, flaxseed, copper, lead, zinc,

gold, tobacco, and silver only the last two show a higher

degree of retardation in their consumption than in their

production.
79 This difference accords with theoretical ex-

pectations. As the number of uses to which raw materials

are put normally increases in a progressive national econ-

omy, the forces making for retardation tend to be checked,

with the result that the rates of retardation of consumption
series are generally only moderately high. But as the domes-

tic branch of the production of a given commodity consti-

tutes only a portion of the world output, the national in-

dustry may experience a relative decline in foreign demand,

or, if it experiences checks from domestic resources, it may
become more dependent on foreign supplies. Such circum-

78 Also rails, but such a comparison has less meaning for this commodity.
i* These comparisons are based on periods which are identical for the pro-

duction and consumption of each commodity, but different for the several

commodities. Special computations of rates of retardation were necessary for

certain of the series. They are as follows for the periods indicated: copper
(1883-1929), -2.2 per cent; zinc (1873-1929), -1.4 per cent; silver (1880-1929),
-1.0 per cent; gold (1880-1929), -2.4 per cent; and raw tobacco (1880-1929),
0.2 per cent.
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stances are very likely to arise in what was once a swiftly

progressive branch of a world industry; and when they even-

tuate, the rate of retardation in domestic production will be

'rapid*.

The industries covered in our statistical survey are of

varying degrees of maturity. The age of an industry has con-

siderable bearing on its rate of retardation, but the relation

between the two is not simple. Most of the 'new* industries

are found among those having the highest rates of retarda-

tion, but so are many 'old* industries. Some 'old* industries

in an advanced stage of decadence actually show accelera-

tion, and so do a few 'new* industries. This lack of uniform-

ity in the relation between the age of an industry and its

rate of retardation can be explained in terms of the preced-

ing theoretical analysis. New industries grow very rapidly
at the start, but their early pace is not long maintained; for

as the new industries advance, they are subjected to increas-

ing pressure by the older industries and the industries which

are newer still. However, not all 'new* industries evidence

growth at a rapidly diminishing rate; for a revolutionary
stimulus will occasionally impinge even on a relatively new

industry, and if that industry be observed over a period in-

cluding portions of the two epochs marked off by the revo-

lutionary change, mild retardation or even acceleration is

likely to be found. As for those 'old* industries which have

already vanished or which seem to be approaching extinc-

tion, it is self-evident that their rates of retardation will be

very high. On the other hand, those 'old* industries which

linger on are likely to show abatement in their rates of de-

cline; the very fact that they persist is indicative of a slacken-

ing in the pressure of progressive forces.

Perhaps the best, though not a really good, statistical in-

dex of the 'economic age* of an industry is its average rate

of growth. As we have seen, various causes occasionally make
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for the coincidence of a rapid rate of growth and a low rate

of retardation in an industry, or of a low rate of growth and

rapid retardation. However, as a general rule, the industries

which have grown most rapidly show the most rapid rates of

retardation, and the industries which have grown least rap-

idly the lowest rates of retardation. The coefficients of cor-

relation in Table 29, especially for the 'II' groups which are

Table 29

COEFFICIENTS OF CORRELATION BETWEEN AVERAGE RATES OF

GROWTH AND AVERAGE RATES OF RETARDATION, FOR

SEVERAL GROUPS OF PRODUCTION SERIES

Coefficient
GrouP of correlation

'All' series

(
I ) 99 series -.63

(II) 88 series -.68

Basic series

(
I ) 59 series -.30

(II) 55 series -.59

Nonagricultural series

(
I ) 75 series -.59

(II) 65 series -.59

Basic nonagricultural series

(
I

) 46 series -.30

(II) 42 series -.59

the most significant,
80 indicate that this relationship is fairly

close. In reading the coefficients it must be remembered that

a negative rate of 'retardation' denotes retardation proper,

so For the composition of the several groups of series for which coefficients

of correlation are given in Table 29, see Appendix A, Table 46, columns e, f,

g, and h. The T groups are those described in the Appendix. The 'IF groups
are statistically more significant than the 'I' groups. The 'II' groups are more

'homogeneous', as they exclude (according to the composition of the several
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while a positive rate of 'retardation* denotes acceleration. The
coefficients of correlation are negative and fairly high; this

means that, on the average, industries with relatively high
rates of growth have experienced relatively marked retarda-

tion, and industries with low rates of growth limited retarda-

tion. Rapid industrial growth has been attained, generally, at

the cost of a rapid decline in the rate of growth; or to put it

more accurately, the growth of industries has tended to be

self-effacing to the extent of their growth.

IV. ON A LAW OF INDUSTRIAL GROWTH
Our study of the tendency of industries to grow at a de-

clining rate has encompassed a considerable variety of in-

dustries observed at various stages in their life histories.

Many of the industries are still growing vigorously, others

have passed their apex, some are practically extinct, and at

least one decadent industry has recently experienced re-

juvenation. Having studied industries from the standpoint
of their development during a fixed period, we have ob-

served only a segment of the life history of each. May we

not, however, combine our partial visions of the develop-
ment of individual industries into a general view of the

typical life history of an industry?

Following writers on biology and population, some eco-

nomic statisticians have come in recent years to speak of a

groups) the following: (a) several series representing industries which have

received a revolutionary stimulus to accelerated developmentrubber imports,

cigarettes, petroleum, sulphur, rice; (b) series whose 'coordinates' are so large
that they are likely to exercise an excessive influence on the correlation coeffi-

cientsaluminum, Portland cement; (c) series which have a very defective

statistical constitution from the standpoint of a study of the relation between

growth and retardation shares traded, postage stamps, locomotives, unmanu-
factured silk imports (see Appendix C, I-II). The coefficients for the groups
from which these exclusions were made are summaries of rather compact
'scatters*. That the coefficients could not result from differential clustering of

distinct industry groups is indicated by the various coefficients in Table 29;

tests by the method of subdivision, more detailed than those recorded in the

table, also pointed to the conclusion of statistical significance.
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'law of growth' in industries and to give this 'law' mathe-

matical expression in the form of 'growth curves'. These

curves differ with the investigator, but they have one funda-

mental feature in common: they approach with increasing

closeness a fixed maximum value in mathematical terms, a

horizontal line as an asymptote , and in market terms, a

saturation point. The various 'growth curves' have some

philosophic basis in postulating limits to industrial expan-

sion; for the conception of indefinite growth of industries

can neither be supported by analysis nor by experience. But

'growth curves', when applied to industries, are arbitrary

in covering the period of advance alone; for many of the

causes impinging on an industry are likely to be the same

during the period of decadence as during the period of ad-

vance. In the course of the life history of an industry, forces

making for advance always act in combination with forces

making for decadence, their balance determining whether

a rise or decline takes place. Once the forces making for

decline continue to gain in relative strength, they will at

some point come to equal and then surpass the forces mak-

ing for advance; so that the rise will culminate in an apex
and be succeeded by a decline. It is difficult, therefore, to

find any sound rational basis for the notion that industries

grow until they approximate some maximum size and then

maintain a stationary position for an indefinite period. Nor
is the notion at all supported by experience: the production
records of our industries practically never evidence a

plateau at the apex: once an industry has ceased to advance,

it rarely remains at a stationary level for any length of time,

but rather soon embarks on a career of decadence. It is pos-

sible, of course, to formulate a 'law of decline', give it ex-

pression in a 'senescence curve', splice this curve on to a

'growth curve' at the apex, and in this way achieve a com-

plete description of an industry's development. But such



RETARDATION IN GROWTH 171

procedure is arbitrary, even unsound if it presupposes a

break in the underlying causation, and it involves an in-

elegant mode of mathematical expression. Both analysis and

history require that if a 'law of growth' of industries is to

be formulated, it should be sufficiently general to subsume

the periods of both advance and decline.

One of the most salient features of the long-range histories

of industries is that their percentage rates of growth tend

to decline. In this study, we have grasped the facts of indus-

trial retardation and given them unity through the sum-

marizations yielded by, what is in effect, a 'logarithmic*

parabola.
81 When its second derivative is negative, this

mathematical function will subsume both the rise and de-

cline of given industries, and it may therefore be considered

as the 'law of growth* which industries 'obey*. But this is

true in so rough a sense that little is to be gained from the

conception. If we had complete records of the life histories

of many industries, we would almost certainly find that a

'logarithmic* parabola could describe accurately the entire

development of very few industries, and that any other

single mathematical curve would serve the task just as badly.

The fact that several investigators have found that certain

simple functions describe satisfactorily the growth of many
industries is of little relevance; for these investigators have

worked with mere segments of the histories of industries,

and almost exclusively with progressive segments at that-

all of which is natural enough, since the production of de-

cadent industries is scantily recorded, and the industries

which chiefly attract attention are still progressive.

We may restrict the formulation of a 'law of growth' to

a mere statement of the principle of decline in the per-

8i It may be noted that the 'normal curve of error* is obtained when we
take antilogs of a parabola fitted to logarithms of production data and natural

time units.
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centage rate of growth in individual industries; but even

this requires qualification. In the first place, the rule of

retardation does not hold in the stage of late decadence of

some industries. In the second place, there are fair grounds
for believing, though our statistical records give us little as-

sistance on the point, that the same is true of the stage of

infancy of many industries. When an industry is still in a

'precommercial stage', its rudimentary technical problems

being only partly solved and its financing inadequate, it is

likely to oscillate between no production at all and only a

nominal volume of output, and to show, on the whole, ac-

celeration rather than retardation. Apparently, this has been

the case in the beet-sugar, cottonseed-oil, and tin-plate in-

dustries. In the third place, the rule of retardation does not

hold throughout for the secular trends of even established

industries, though it does hold for their primary trends

which are movements of longer duration than secular trends.

And in the fourth place, when as a result of a structural

change, a progressive industry is invigorated or a senescent

industry rejuvenated, the rule of retardation will hold for

the period preceding and also for the period following the

structural change, but it may not hold for a period overlap-

ping the two.

Barring structural changes, the course of the life history

of a typical industry may be divided into a number of

'stages'. But irrespective of the number of stages of indus-

trial development that may be distinguished, or how they

may be defined, given stages will be found to differ in dura-

tion and intensity from industry to industry, as will the rela-

tive durations of the several stages. Thus, the stage of

industrial 'nascence' was long in the beet-sugar and cotton-

seed-oil industries, but short in the aluminum and rayon
industries. The stage of industrial 'maturation' extended

over several centuries in the lumbering industry, over
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several decades in the wire-nail industry, but only over

several years in the miniature-golf industry. The stage of

'decadence* has been rather long in the whaling industry,

but brief in the iron-rail industry. Nor are the stages of

industrial decline often symmetrical with the stages of ad-

vance. So diverse are the patterns of the development of

industries that only this rule of uniformity can be allowed:

an industry tends to grow at a declining rate, its rise being

eventually followed by a decline. And even this general

statement must be read in the light of the various qualifica-

tions to the rule of retardation enunciated in the preceding

paragraph, and in the light of the further qualification that

progressive industries are occasionally terminated at what

is historically their apex as when they are proscribed by
law.

But if the life history of an industry is considered as

consisting of a rise and decline, there are substantial grounds
for believing that the life histories of industries are becom-

ing shorter. An increasing share of our production is assum-

ing the form of 'luxuries', 'superfluities
1

, and 'style goods'.

The demand for such products is determined in large part

by caprice, and does not have the stability which staples

enjoy. Since our statistical survey is restricted to industries

of long duration, it throws practically no light at all on the

changing period of the life histories of industries; though it

is possibly of some significance that industries engaged in the

production of rather specific commodities show often the

very highest rates of retardation. There is considerable room

for serious inquiry into the changes in the period of the

life histories of industries; but such a study will be handi-

capped by the paucity of data, and the technical difficulty of

distinguishing commodities according to the degree of their

specificity.



Chapter V

CYCLES IN THE GROWTH OF
INDUSTRIES

THE tendency of individual industries to grow at a declin-

ing rate has been an outstanding expression of the progres-
siveness of the American economy. This tendency indicates

that, taking a long view, a fairly regular and orderly trans-

formation in the pattern of national production has accom-

panied the rapid growth in its volume. Nevertheless, the

march of retardation has not been continuous in any of the

industries covered^ in our survey.
1 The purpose of this

chapter, therefore, is to search for principles of order in the

undulatory movements that apparently are always found in

the slopes of the secular trends of production and at times

are so sharp as to be expressed in negative slopes. We have

previously spoken of these undulatory movements as 'trend-

cycles'.
2

The earlier study of the decade-by-decade correlation be-

tween the rates of growth of industries has already fore-

shadowed that there may be a fair degree of similarity in

the trend-cycles of our series.
3 It will now be seen that there

is actually a considerable degree of concurrence in the trend-

cycle movements of iionagricultural industries, despite nu-

merous differences in their trend-cycle patterns and ampli-
tudes; that this concurrence creates a strong presumption
that a long-term rhythm has been pervasive in the American

* See pp. 107-8.
2 See p. 48.
s See pp. 87-90.

174
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economy since the Civil War; that the trend-cycle rhythm of

national industry has been accompanied by a similar cycle in

the degree of divergence of production trends; and that each

time the national economy has experienced an exceptionally

rapid rate of advance, its progress has been checked by a

business depression of great severity. These findings indicate

implicitly that the pattern of national industry has under-

gone fairly regular transformation even when our view is re-

stricted to periods of intermediate duration, and that the

extent of shifts in the pattern of national industry has tended

to vary with the rate of progress of the general economy.

I. MEASUREMENT OF TREND-CYCLES
The decade rates of growth of the individual series are the

basic data of this study of trend-cycles. The preceding chap-
ter has established that the decade rates generally have a

definite drift and that the drift is downward in a preponder-
ant number of the series. Since the degree of drift of the

decade rates varies from series to series, it is best to eliminate

the drift before the oscillations of the decade rates of the

individual series are subjected to analysis. In order to elimi-

nate the drift, it must first be measured: this has been effected

by fitting an exponential curve to the decade rates of each

series.4 The drift of each series was then eliminated by ex-

pressing the decade rates of the series as plus or minus devia-

tions from the ordinates of the exponential curve fitted to

the decade rates. These plus or minus deviations trace out

the major oscillations in the percentage rate of growth of

production a correction having been made for the general

* The equations of the exponential curves were yielded by the study in

the last chapter of retardation in the growth of industries. Exponential
curves generally yielded 'good fits'; in the few cases where they did not,

experimentation showed that the use of other types of curves would not

alter any conclusion of importance. Variation in the type of curve used to

measure the drift of the decade rates would have 'improved' the results only

slightly, while it might have cast on them a shadow of doubt.
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drift in the percentage rate of growth. The plus or minus

deviations of the decade rates are the technical form in which

trend-cycles are considered in this chapter.

The exact meaning of the technique will be grasped most

easily if the decade rates of a given series be regarded as

quinquennial observations on the 'slope' of the secular

trend 5 of that series, and if the corresponding ordinates of

the exponential curve fitted to the decade rates of the series be

regarded as quinquennial observations on the slope of the

primary trend of the series. The meaning is less simple, but

not less definite, if the decade rates of a given series be re-

garded as measures of the average slope over decade periods
of the secular trend of that series, and if the corresponding
ordinates of the exponential curve fitted to the decade rates

of the series be regarded as measures of the average slope

over decade periods of the primary trend of the series. On
the basis of either interpretation, a positive deviation of a

given decade rate of a given series from an exponential
curve fitted to the decade rates of the series denotes that

the secular trend advanced more rapidly at the given time

than the primary trend, a negative deviation denotes that

the secular trend advanced less rapidly than the primary

trend, and a zero deviation denotes that the secular trend

advanced at the same rate as the primary trend. If the slope

of the secular trend of a series correspond throughout the

period to the slope of the primary trend, trend-cycles are non-

existent; but if the slope of the secular trend diverge from

the slope of the primary trend, trend-cycles do exist.

It will be noticed that trend-cycles are not considered in

this chapter in the same way as in other investigations of

5 Concerning the distinction between secular and primary trends, see pp.

44-6. In the inquiry of Chapter IV, the primary trends are conceived of,

in effect, as parabolas fitted to the logarithms of production data; this is

practically implicit in the use of exponential curves fitted to decade rates

(see Ch. IV, sec. I).
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this subject.
6
Ordinarily, a peak in the trend-cycle curve of

a series denotes a maximum positive deviation of the ordi-

nate of secular trend from the ordinate of primary trend of

the volume of production, and a trough a maximum nega-

tive deviation. In our inquiry a peak in a trend-cycle curve

denotes a maximum positive deviation of the slope of the

secular trend from the slope of the primary trend of the

volume of production, and a trough a maximum negative
deviation. While trend-cycles are ordinarily considered as

long waves in the absolute volumes of production, they are

considered in this study as long waves in the percentage

changes in the volumes of production. The relation between

the two can be expressed exactly in the case of a hypothetical
series of trend-cycles of absolute production volumes which

have a sine-curve movement: here the trend-cycles in the

percentage change curve will lead the trend-cycles in the abso-

lute volume curve by one quarter of a period (or cycle);
We

may consider this sort of relationship as holding only roughly
in the case of our series, inasmuch as our trend-cycle curves

are not sine curves and our trend-cycle observations relate

to quinquennial dates. 7

There is another point, in part methodological and in part

terminological, which must be carefully noted in connection

with our technique. Ordinarily, a 'cycle* is taken to mean a

recurrence of plus and minus phases, the idea of recurrence

being crucial in the customary conception. Except when the

term 'cycle' is used in a restricted historical sense, the idea

of recurrence involves the notion of continuity and the ex-

pectation that a given pattern of events will extend into the

The most important studies are by Kondratieff, Kuznets, and Wardwell.

See Kuznets, Secular Movements, cited above, Chs. III-IV; and Wardwell, An
Investigation of Economic Data for Major Cycles (Philadelphia, 1927). Ron-
dratieffs investigations are presented most conveniently in "Die Langen
Wellen der Konjunktur," Archiv fur Sozialwissenschaft und Sozialpolitik,

December, 1926.
7 See p. 40, note 12.
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future. The idea of recurrence has a sound logical basis in

only certain types of theory, such as that oscillations in the

economy are caused by some oscillatory movement 'outside'

of the economic system, or that the oscillations arise out of

the internal conditions of economic life and are self-generat-

ing. The idea of recurrence will not have a firm rational

support if oscillations are considered to be initiated by acci-

dents; for, although accidents are likely to occur in the future

as in the past, they may be more or less frequent, and for a

considerable period may be self-neutralizing. Inasmuch as

towards the close of this chapter the conjecture is ventured

that an upward trend-cycle movement is likely to originate,

among other ways, in accidental causes, the propriety of us-

ing the term 'trend-cycle' throughout the discussion may be

called into question.

There is little to be gained from an attempt to fix the most

appropriate denotation of such a common word as 'cycle'.

However, it is doubtful if restrictive notions of type of causa-

tion ought to be allowed to enter into our conception of a

'cycle' at a time when the basic forms of economic movement
are still but vaguely known. From a statistical standpoint,
the essential nature of a 'cycle' consists in the existence of

plus and minus phases in one or more processes (or series).

What the statistician may have to say about such 'cycles' is

always of some importance in the study of the economic his-

tory of specific industries. From the standpoint of general

economic theory, such plus and minus phases are of little or

no importance when they are uncorrelated; but they are

of considerable importance when diffused and synchronous
in high degree that is to say, when they suggest the operation
of common causes. Since the idea of recurrence implies not

only the operation of common causes, but as well definite

types of causal sequence, it is desirable, in the initial stage

of fact-finding, to strip the concept of 'cycle' from this idea.
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This is not to deny the importance of the idea of recurrence,

which must obviously be the basis of any rational forecast-

ing, but merely to insist that the initial task in a theoretical

inquiry into 'cycles' is to determine the degree of concur-

rence in the plus and minus fluctuations of a group of eco-

nomic elements that are related a priori. The present study

proceeds from the conception that a high degree of concur-

rence in such plus and minus fluctuations defines the existence

of an economic 'cycle'.

II. A GENERAL TREND-CYCLE IN

PRODUCTION
The data of the trend-cycles of the individual production

series are presented in Appendix A, Table 47. If the reader

glance at this table, he will note that the trend-cycles of the

series differ very considerably in pattern and amplitude; so

it cannot be presumed that a given set of causes has operated

exclusively and uniformly through the trend-cycles of all

branches of industry. The trend-cycles of the individual series

may, however, be viewed as resultants of two sets of causes:

those which have operated at a uniform rate through all the

members of the production 'system', in the sense of tending
to produce common effects in these members; and those

which have operated at random on individual industries or

groups of industries, in the sense of tending to produce dif-

ferent and random effects (the individual causes operating
at random possibly including among them, however, any of

those operating at a uniform rate). From this point of view,

our problem becomes to extract a common trend-cycle, if

there be such a thing, from the mass of observations on

trend-cycles; to obtain, if we can, measures of the effects of

the common set of causes which may pervade the ensemble

of production trend-cycles.

If a set of common causes, variable in time, operate uni-
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formly through the trend-cycles of individual industries,

their effects will be registered in the movements of the aver-

ages of the trend-cycles, even though random factors operate

simultaneously with the set of common causes. We may,
then, approach our problem by studying the averages of the

trend-cycle observations of the individual series at quinquen-
nial dates. The medians of the trend-cycle observations of

four groups of series ('all' series, basic series, nonagricultural

series, and basic nonagricultural series) are plotted in Chart

4 and recorded in Table 3o.
8
It will be noticed that the four

Table 30

MEDIANS OF TREND-CYCLE OBSERVATIONS AT CENTRAL DECADE

YEARS, FOR SEVERAL GROUPS OF PRODUCTION SERIES

(Unit: one per cent)

s Since not all of the series go back to 1870, the medians for the several

groups of series are based on a variable number of series in the early years.
The composition of the several groups, for the central decade year 1890 and
all following central decade years, is that given in Appendix A, Table 46,
columns et ft g, and h, except that series 49 and 50 are omitted for the cen-

tral decade years 1920 and 1925. The composition of the groups for the cen-
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lines of medians definitely trace out oscillatory movements.

However, the movements of the medians cannot safely be

Chart 4
MEDIANS OF TREND-CYCLES OF SEVERAL GROUPS

OF PRODUCTION SERIES

o~ - o

i i

1875 1880 1885 1890 1895 1900 1905 1910 1915 1920 1925

trusted to disclose the influence of a set of common causes

operating through the production system; for our series cover

tral decade year 1875 is that given in columns a, b, c, and d. The composition
for the central decade year 1880 differs from that for 1875 in including the

following series in the several groups: 'all' series 73, 92, and 103; basic 73

and 92; nonagricultural 73, 92, and 103; basic nonagricultural 73 and 92.

The composition for the central decade year 1885 differs from that for 1880

in including the following series in the several groups: 'all' series 17-20,

*3> 35> 37~45 74-82> 99> and 104' basic- 18-20, 23, 36, 39, 43, 74, 78-80, 82-3,

99, and 104; nonagricultural 35, 37-45, 74-82, 99, and 104; basic nonagricul-

tural-36, 39, 43, 74, 78-80, 82-3, 99, and 104.
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only part of this system, and the averages may, therefore,

reflect in considerable degree the accidental characteristics

of our partial data. As presumptive evidence of a general

trend-cycle in production, the similarity of the cyclical pat-

terns of the several lines of medians is more significant than

the oscillatory movements themselves. However, the fact that

the medians relate to groups of series which overlap in con-

siderable part may by itself account for the similarity in their

movements.

It is essential that we use a technique better adapted than

the method of averages to extract a common element from a

mass of cyclical data which are only a 'sample* of their uni-

verse. One such method is to study graphically the trend-

cycles of the individual series with a view to determining the

degree of their covariation. This method suffers from the

fact that the idiosyncratic elements in the trend-cycles of the

various series may conceal any underlying similarities. How-

ever, if we resort to artifices of anonymity, such as arrays of

trend-cycle observations or decils of trend-cycle observations,

it will be possible to observe the series in the mass and at

Medians are used extensively in this chapter in averaging the trend-cycle
observations of the individual series, because it was desirable to restrict

the influence of extreme items most often found in series of minor impor-
tanceon the averages. The medians were computed by taking an arithmetic

mean of the middle three or four items, according as the number of series

in the group was odd or even.

A few words are necessary about the manner in which the trend-cycle
charts, especially those following for individual series, are to be interpreted.
The quinquennial dates at the bottom of each chart are the central years
of the decades to which the 'decade rates', adjusted for their drift, relate. It

is natural to read the charts with reference to the areas on each side of the

horizontal zero-line and also to the temporal location of the peaks and

troughs. However, the latter method of reading is the more significant, for

while a change in the type of curve fitted or in the length of period analyzed
will almost always redistribute the plus and minus ordinates, the temporal
location of the peaks and troughs will rarely be changed; the magnitude of

the peaks and troughs may, of course, differ, but this is of secondary impor-
tance.
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the same time largely eliminate the idiosyncratic elements

in the trend-cycle movements of the series. Accordingly, the

trend-cycle observations for 1875, the first of our quinquen-
nial dates, were ranked from the lowest minus to the highest

plus value, and nine decil values were then located.9 Decils

were similarly determined for each of the ten following quin-

quennial dates. In all, then, eleven first decils were obtained,

eleven second decils, and so on. Separate calculations of

decils were made for each of the four groups of series, for

which medians alone were given above. The decil values are

recorded in Appendix A, Table 48, and are shown graphi-

cally in Charts 5 to 8.10 The first decil curve in these charts

simply joins the first decil values at the several quinquennial
dates, and similarly with the other decil curves. A given decil

curve may, of course, be based directly on as many individual

series as there are quinquennial dates.11

The first decil states the trend-cycle value which exceeds one-tenth and
is exceeded by nine-tenths of the trend-cycle observations, the second decil

states the trend-cycle value which exceeds two-tenths and is exceeded by
eight-tenths of the observations, and so on. The exact method used in

determining the decils was as follows: if a group consisted of, say, 75 series,

the first decil was taken as the value of the 8.0 case, the second as the value

of the 15.5 case, the third as the value of the 23.0 case, and so on. See S.

Yang, "On Partition Values," Journal of the American Statistical Association,

June, 1933.
1 The composition of the several groups of series is stated on pp. 180-1,

note 8, Section i of the basic nonagricultural series being there designated

simply as the basic nonagricultural group. Section 2 is the same as Section

i, but its decils were computed, to use the example of note 9, by taking
the values of the 7.5 case, 15.0 case, 22.5 case, and so on. This was done in

order to reduce the influence of several 'misfitted' series on the decils

(see p. 191, note, point 4). Section 3 differs from Section 2 in that it

omits building permits, total cement, rail consumption, and flaxseed con-

sumption, from the calculations of decils for the central decade year 1915

(see pp. 190-1, note 14, points 2 and 3). Section 4 differs from Section 3 in

omitting for the entire period analyzed the following series: phosphate rock,

silver, raw sugar consumption, building permits, coastal trade, postage stamps,

tonnage entered and cleared. The propriety of originally including phos-

phate rock and silver in the basic nonagricultural group is questionable; as

for the remaining five series, see Appendix C, III.

11 The number of series contributing directly to a given decil curve may
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The most important feature of the decil charts is the direc-

tion of the decil curves. If a set of common causes operating

Chart 5

DECILS OF TREND-CYCLES OF 'ALL' SERIES*

*r
.

ctnt

4-

-5-

1875 1880 1885 1890 1895 1900

*
Tht D's tnd ttwr subscripts rtftr to succtsuvt fails.

1905 1910 1920 1925

through a system of variables impart to it ari upward fillip,

the average level of the system will be raised, as will also the

middle 20 per cent of the cases, taken as a unit, the middle

40 per cent, the middle 60 per cent, and so on. Thus, the

be even larger, since linear arithmetic interpolation was used in determining
all of the deals except the fifth (median). See p. 182, note, for method
of determining the medians.
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fourth and sixth decils move upward between the central

decade years 1875 and 1880 in Charts 6-8, but not in Chart

Chart 6

DECILS OF TREND-CYCLES OF NONAGRICULTURAL SERIES*

Pir
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1875 1680 1885

'Sec note to Chart 5.

1890 1895 1900 1905 1910 1920 1925

5: this means that the middle 20 per cent of the trend-cycle

observations, taken as a unit, show an upward movement in

the first three charts, but not in the last. When all of the

decils of a given group move in the same direction between

successive time units, the evidence of the decil lines is in

harmony with the evidence of the median line, and a shift in
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the whole system of trend-cycle observations is indicated.12

But whenever there is a generally irregular or fan-like ar-

rangement of decil lines between successive central decade

years, the evidence of the decii charts is in conflict with the

Chart 7

DECILS OF TREND-CYCLES OF BASIC SERIES*

Ptr

cent

5-

4-

3-

2-

i-

0-

1

-3-

3-

4

1875 1680 1885

*Stt note to Chirt 5.
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evidence of the median lines: it could not then be presumed
that a set of impulses acted commonly through the trend-

cycles of industries. 13 As the decil charts more nearly provide
12 This would be more strictly accurate, were the lowest and highest values

plotted with the decils. But such extreme values, being often erratic, are of

little consequence, and might only confuse the picture.
is An exception must be noted. One of the 'normal' concomitants of a

change in the average level of the elements of a system may be a correlated

(direct or inverse) change in the dispersion. If now the ratio of the change
in the dispersion to the change in the average be very large, a fan-like

arrangement of decil lines is possible. But the factor of dispersion can be

'controlled* by expressing the individual values in units of a dispersion mea
sure and then proceeding to the decil analysis.
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a composite picture of the movements of the entire system
of trend-cycle observations, they reveal much more than the

median lines.

The decil charts warrant careful study, all the more so

because the decil technique is a sensitive instrument when
used on groups of the size here considered. It will be noticed

that the degree of comovement in the direction of decil lines

is rather high in all of the charts. But the 'parallelism' of

decil lines is somewhat greater in the groups which exclude

agricultural series than in those which include them, and in

the groups which exclude non-basic series than in those

which include them. The basic nonagricultural group, pre-

sented in four sections, is marked by greater regularity of

decil lines than any other group. The sharp 'irregularity* in

the first decil line between the central decade years 1875 and

1880, evidenced in Chart 8A, is purely technical and disap-

pears in Chart 8B, which is based on a minor modification

in technique. The persisting irregularity between the central

decade years 1910 and 1915 virtually disappears in Chart 8C,

as a consequence of dropping the few series relating to con-

struction (an industry subject to special influences during
this period) from the calculations of decils for the decade

centered at 1915. Finally, almost perfect 'parallelism' emerges
in Chart 8D, which excludes from the group analyzed seven

rather dubious series, the reappearance of an erratic move-

ment in the first decil line having no real significance. The
set of decil charts plainly indicates that the basic nonagricul-

tural group, which is the most homogeneous a priori is also

the most homogeneous in fact; if the trend-cycles were of

a random character, the basic nonagricultural group, con-

taining fewer series than any other, would in all likelihood

evidence the greatest irregularities in the movements of

decil lines. Apparently, common impulses have operated

through the members of the basic nonagricultural group.
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Chart 8

DECILS OF TREND-CYCLES OF BASIC NONAGRICULTURAL SERIES*
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Chart 8 (cent.)

DECILS OF TREND-CYCLES OF BASIC NONAGRICULTURAL SERIES*
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The other groups are less homogeneous a priori, and also

appear to be less homogeneous in fact. 14
Apparently, the

influence of the commonly acting impulses has been oblit-

erated in some part in these groups.
The trend-cycles of our production series have been ana-

lyzed up to this point on the hypothesis that they are resul-

tants of common and individual factors. We may test this

hypothesis by exploring another to wit, that the trend-cycles

of the series are independent, in the sense that they have no

greater connection than the 'cycles' of series of dice throws.

It will be perceived readily that decil lines of cycles of chance

series, running over a period of time, will tend increasingly

to approach horizontal straight lines as the number of chance

i* The factors which make for the major 'irregularities' in the movements
of decil lines of the various groups of series are easily located, (i) At the

central decade years 1875 and 1880 the influence of agricultural series may
be detected in the irregular behavior of certain of the decils in the groups

including agriculture. An examination of the array of the trend-cycle values

at the central decade year 1880 discloses that 8 of the 15 series in the 'all'

series group (Chart 5) falling between the second and fourth decils are

crops; and similarly, that 5 of the 13 series in the basic series group (Chart

7) falling beween the second and fifth decils are crops. (2) In all charts,

except 8C and 8D, the movement of the decil lines is somewhat fan-like

between the central decade years 1910 and 1915. This reflects the drastic

change in the pattern of production, which was occasioned by the World
War. The construction industry, in particular, suffered a severe setback at a

time when other industries were expanding rapidly (see Chart 18); this was
due to governmental restrictions on building during the War-years, and to

the depressant influence of the capital loan market for some time after the

War. Examining the group of nonagricultural series (Chart 6) at the central

decade year 1915, we find that the 8 series having the lowest trend-cycle
values include 7 series representing volume of construction or the produc-
tion of building materials, that the lowest 11 include 9 'construction* series,

and that the lowest 15 include 10 'construction* series. In the category of

basic nonagricultural series (Charts 8A and 8B), we find that 4 of the 6

series having the lowest trend-cycle values relate to construction. It is

rather significant that when construction series are eliminated from this

group for the central decade year 1915, the degree of comovement of decil

lines between the central decade years 1910 and 1915 is considerably

augmented (see Chart 8C). (3) An obtrusive irregularity of the decil charts

is the horizontal or upward movement between the central decade years 1915
and 1920 in the first decil curves of Charts 5, 6, 8A, and 8B. This is accounted

for by the peculiar behavior of the construction industry (see Chart 18).
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series becomes larger and larger; for with a very large num-
ber of series, the cyclical observations at any one date will

form a frequency distribution similar to that at any other

date, and a given decil for any one date will therefore tend

to be identical with the corresponding decil for any other

date. If the number of chance series were no more than, say,

a hundred, the tendency for decil lines to be horizontal would

not operate as strongly; but in this case, no less than in the

case of a very much larger number of chance series, al-

though any kind of decil chart would be possible, the possi-

bilities would have varying degrees of probability. The prob-

ability of the decil lines moving in the same direction

between two time units is less than the probability of an ir-

regular arrangement of decil lines. Even if we assume that the

probability of the decil lines moving in the same direction

between two time units is !/, the probability of the decil

lines moving in the same direction between successive time

Though the trend-cycle position of general industry was low during the

decade centered at 1920, the lowest group of industries in that decade was
still higher in most of the groups than the lowest group of industries,

primarily associated with construction, during the decade centered at 1915

(compare Chart 8C). (4) Another irregularity in the detail of the decil

charts is the downward or horizontal movement from the central decade

year 1875 to 1880 in the ninth decil curves of Charts 5, 6, 8A, and 8D.

This irregularity derives in large part from the sharp upward trend of

several industries during the 'seventies, which is not taken account of

adequately by the exponential curves fitted to the decade rates. The curves

give poor fits in the early period of a few seriessteel, antimonial lead,

domestic lead, total lead, petroleum, and raisins (see Charts 15 and 17);

and this is manifested in extremely high positive deviations at the central

decade year 1875. The series which dominate the first decil at 1875 in

Chart 8A are petroleum, domestic lead, and steel; the influence of these

series disappears in Charts 8B and 8C as a result of a simple modification

in the computation of decils (see p. 183, note 10); but the influence

of these series reappears in Chart 8D, the total number of series having
been reduced. (5) The minor irregularities between the central decade

years 1890 and 1895 in Charts 7, 8A, 8B, and 8C are apparently due in

some measure to several dubious series those excluded from Chart 8D. To
be sure, the dubious series are included in Charts 5 and 6 which are not

marked by these irregularities; but these charts represent the largest groups
we have analy/ed, so that the influence of the dubious series is submerged.
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units (the movement may be upward during some periods
and downward during others) of a period consisting of eleven

time units (the number of quinquennial dates covered) is

only 'Parallelism* in the direction of decil lines can
1024

arise under chance conditions, but the probability is so low

that it may virtually be dismissed. In view of the high de-

gree of 'parallelism* of the decil charts, it is very unlikely

that the hypothesis of independence of trend-cycles is valid.

But there are two modified forms of this hypothesis which

warrant some attention. First, suppose that common factors

acted through the trend-cycles of one important section of

the production 'system', but that the trend-cycles in the other

sections were of a random character. In this case, consider-

able comovement of decil lines might be evidenced by a

group of series whose members were drawn from these het-

erogeneous branches of industry. This hypothesis has already

been tested in some part through our decil analysis of several

groups of series. Strong indications have appeared that agri-

cultural industries are subject to somewhat different trend-

cycle influences than nonagricultural industries; and it is

later shown that trend-cycles in agriculture are, in fact, quite
erratic. There are portions, then, of the production system

to which the apparently systematic factors making for trend-

cycles do not extend.

The second modified form of the hypothesis of indepen-
dent trend-cycles is more formal. Suppose that the production

system consisted of a number of sections, each of which was

subject to a set of common trend-cycle influences, but that

the trend-cycles of any one section bore no relation to the

trend-cycles of any other. If, now, one section had trend-

cycles of exceptionally large magnitude, it would play a

major role in determining the pattern of a decil chart com-

prising all of the sections, and a considerable 'parallelism* of
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decil lines might result. One way of checking this possibility

is to observe separately the trend-cycle patterns of groups of

series having trend-cycle amplitudes of varying degree. Ac-

cordingly, the series in the nonagricultural group were sub-

divided into three subgroups on the basis of the magnitude

Chart 9

MEDIANS OF TREND-CYCLES OF SUBGROUPS OF
NONAGRICULTURAL SERIES, VARYING IN THEIR AMPLITUDES.
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of their trend-cycle amplitudes,
15 and the medians of the

trend-cycle observations of the series falling in each sub-

group were then determined. The same thing was done with

the basic nonagricultural group. The medians of the trend-

cycle observations of these subgroups are shown in Charts 9

and 10, and are recorded in Appendix A, Table 4Q.
16 Though

is Measures of trend-cycle amplitude are considered in section IV of this

chapter.
13 The groups containing agricultural series were not analyzed in the

same way, because the trend-cycle movements of the agricultural series

are distinctive; see pp. 207-15. The subgroups of the nonagricultural



i 94 PRODUCTION TRENDS

the several lines of medians differ markedly in their specific

contours, they bear a definite family resemblance, and also

conform to the general trend-cycle pattern of the decil

charts. Apparently, then, the same sort of trend-cycle rhythm
as runs through the industries with small trend-cycle ampli-

tudes runs through the industries with large trend-cycle

amplitudes. Though our data support the preceding modified

form of the hypothesis of randomness of trend-cycle move-

ments, they do not support the present any more than the

hypothesis in its strict general form.

The implications of Charts 9 and 10 go further than the

above comments indicate. A common and highly useful

method of testing the significance of averages drawn from

sample data is to take averages of subsamples. The medians

of Charts 9 and 10 are really averages of 'subsamples' of our

'sample' of data; and the fact that the median lines are fairly

similar creates a presumption that the larger 'sample* from

which they are drawn reflects the true trend-cycle movement
of the production universe. There are several differences in

group contain 25 scries each. Two of the subgroups of the basic non-

agricultural series, Section i, contain 15 series each, and one 16 series.

The subgroups of the basic nonagricultural series, Section 4, contain 13
series each. (For certain of the central decade years the number of series

is smaller; see p. 181, note. Concerning the distinction between Sections

i and 4 of basic nonagricultural series, see p. 183, note 10.) The series

composing the subgroups of the nonagricultural group arc as follows. Sub-

group I: 24, 33, 43, 47-8, 50, 52, 58, 64, 66, 69, 72, 77-9, 86-7, 89, 93, 95-7,

101-2, and 104. Subgroup II: 25, 27, 29, 32, 34, 39, 46, 49, 51, 53-4, 56-7,

63, 68, 70-1, 73-4, 80, 82, 85, 88, 90, and 99. Subgroup III: 28, 30-1, 35,

37-8, 40-2, 44-5, 59, 61-2, 65, 67, 75-6, 81, 84, 91-2, 94, 98, and 103.
The series composing the subgroups of the basic nonagricultural group,
Section i, are as follows. Subgroup I: 24, 47-8, 50, 52, 58, 64, 79, 83,
86 95* 97> 101-2, and 104. Subgroup II: 32-4, 39, 43, 49, 55-6, 66, 68, 73,

78, 82, 85, and 93. Subgroup III: 25, 27-9, 31, 36, 46, 59, 62, 71, 74, 80,

90-2, and 99. The series composing the subgroups of the basic nonagricul-
tural group, Section 4, are as follows. Subgroup I: 24, 47-8 50, 52, 64, 66,

79, 83, 86, 97, io>, and 104. Subgroup II: 25, 34, 39, 43, 49, 55-6, 68,

73~4> 78> 8 * and 85- Subgroup III: 27-9, 31, 36, 46, 59, 62, 71, 80, 90-1,
and 99.
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the movements of the median lines; but that is to be ex-

pected in the case of small subsamples, since the chances of

cancellation of erratic trend-cycle movements are seriously

restricted. However, the differences are of some technical im-

portance: they indicate that the method of comparing averages
of subsamples is a crude device for extracting the outlines of

a pervasive trend-cycle. Decil charts are better adapted for

this purpose; for they have the capacity to elicit, even to the

point of exaggeration, such harmonies as may exist in cycli-

cal data.17 When checks on the method are available, decil

charts can be trusted to uncover sharply and elegantly the

outlines of an underlying cyclical movement.

According to the decil charts of the nonagricultural indus-

tries, their general trend-cycle movement between successive

central decade years has been as follows: from 1875 to 1880,

upward; from 1880 to 1885 and 1885 to 1890, downward;
from 1890 to 1895 and 1895 to 1900, upward; from 1900 to

1905 and 1905 to 1910, downward; from 1910 to 1915, up-

ward; from 1915 to 1920, downward; and from 1920 to 1925,

upward. These dates are central years of the decades for

which average annual rates of growth (decade rates) were

computed; and if the decade rates be viewed as measures of

the slopes of secular trends of production at quinquennial
dates, the above trend-cycle chronology may be regarded as

defining roughly the general swing in the percentage rates of

industrial growth. If, on the other hand, the decade rates be

taken as average rates of change during decade intervals,

exceptionally rapid advances in 'general' production are

shown to have been experienced during 1875-85, 1895-

1905* 1910-20, and 1920-29, and exceptionally mild ad-

vances during 1885-95, 1905-15, and 1915-25. The overlap
in the closing periods is illuminating of the rapid variations

i* The method may be used generally in trying to determine the existence

of a common rhythm in a mass of cyclical data. It is especially useful in

locating the turning points in a general cyclical movement.
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Table 31

TYPES OF MOVEMENT OF TREND-CYCLES BETWEEN SUCCESSIVE

CENTRAL DECADE YEARS, FOR SEVERAL GROUPS OF

PRODUCTION SERIES

'All* series

Nonagricultural scries

Basic series

Basic nonagricultural series
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in the rate of general industrial growth; but it also indicates

that our 'decade rates' fit the actual trend-cycle swing of the

American economy less well after 1900 than before. The

pattern of the trend-cycles of production here described will

be frequently referred to in the following pages as the 'stand-

ard* trend-cycle pattern.
If the 'standard' trend-cycle movement from the central

decade years 1875 to 1880 was upward and from 1880 to 1885

downward, and so on, it is worth asking to what extent the

upward or downward movement of the individual series was

general between successive central decade years. Such infor-

mation will check and supplement the evidence already pre-

sented about a general trend-cycle rhythm in American

industry. Table 31 furnishes the answer for each of the

groups of series whose trend-cycles have been analyzed by the

decil technique.
18 The entries in the table designated as 'per-

centage excess of upward' are the significant figures and were

determined as follows: the number of series having a down-

ward trend-cycle movement between one central decade year
and the next was subtracted from the number of series hav-

ing an upward trend-cycle movement, and this difference was

expressed as a percentage of the total number of series. The
theoretical range of the percentages is from 100 to + 1OO >

the percentages indicate by their signs the dominant type of

direction of the ensemble of series, and by their magnitudes
the degree of dominance. It will be noticed that the percent-

ages confirm the earlier description of the contours of the

'standard' trend-cycle pattern, and that they also confirm the

differences among the various groups of series which were

noted in the course of the decil analysis of the trend-cycle

homogeneity of the series. 19

is For the composition of the groups, see pp. 180-1, note 8.

i Taking the 'percentage excess' figures and averaging them, without

regard to signs, we get 29.7 per cent for the 'all' series group, 34.5 per
cent for the basic group, 37.1 per cent for the nonagricultural group, and
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Production indexes may be used in a final check of the

conclusions reached on the basis of our production series.20

It is to be expected that the trend-cycles of indexes of pro-
duction of nonagricultural groups of industries will confirm

the trend-cycle pattern of Charts 6 and 8; that the trend-

cycles of the separate indexes for agriculture and for non-

agricultural groups will corroborate the suggestion of the

decil lines in Charts 5-8 that the trend-cycle movements of

agricultural and nonagricultural industries are disparate;

and that the trend-cycles of indexes of total production will

corroborate the evidence of the median lines in Chart 4.

But these expectations are somewhat stronger for unweighted

40.2 per cent for the basic nonagricultural group (these are unweighted
arithmetic means). These figures indicate the average conformity of the

direction of the trend-cycle movements of the individual series in each of

the several groups to the direction of the standard trend-cycle.

Taking separate averages for the positive 'percentage excess' figures and
for the negative 'percentage excess' figures, we get 25.5 and -33.9 per cent

for the 'all' series group, 29.5 and -39.5 per cent for the basic group, 33.1
and -41.1 per cent for the nonagricultural group, and 36.2 and -44.1 per
cent for the basic nonagricultural group. It will be noticed that the averages
of both the positive and negative 'percentage excess' figures bear the same
order in the several groups as the averages that disregard signs. It will be
noticed further that the averages of negative figures are in each group
larger than the averages of positive figures; the indications are, then,
that there has been somewhat greater consistency of movement among the

individual series during downward trend-cycle swings than during upward
swings.
Some of the percentages recorded in Table 31 are quite low; this indicates

that the degree of regularity in the direction of the trend-cycle movements
of the individual series has been low in some cases. Table 31 enables us to

enter a caveat to this effect, while the preceding techniques did not. But
the percentages in this table may prove quite misleading when taken at

their face value, because they do not take account of the degree of trend-

cycle movement of the series. The changes in the trend-cycle values from
one central decade year to the next of the conforming series (with respect
to the standard trend-cycle pattern) are, on the whole, more decisive than
those of the non-conforming series.

20 Concerning the meaning of production indexes, see Ch. VI, sec. I. It

need now be noted merely that, although production indexes are of re-

stricted coverage, series of partial coverage often suffice to delineate the

form of the trend-cycle pattern, even when they are strongly deficient from
the standpoint of a study of primary trends.
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than for weighted production indexes. A production index

which is deliberately weighted might expose a trend-cycle

pattern altogether different from that of a decil chart based

on the same series, if the trend-cycles of leading industries

characteristically moved at random while the trend-cycles of

minor industries moved in concert. Such a possibility is as

remote as certain others earlier posited; but only if weighted

production indexes trace out a trend-cycle pattern differing

from that of the decil charts can production indexes be ex-

pected to add new knowledge and reopen our inquiry.

The trend-cycles of several indexes of 'total' production
are plotted in Chart 11, and the corresponding figures are

given in Appendix A, Table so.
21 The indexes in the upper

portion of the chart are weighted in form, King's index be-

ing cruder than the others. The trend-cycles of the Day-

Persons and Warren-Pearson indexes harmonize almost per-

fectly with the median lines of Chart 4. The trend-cycles of

King's index show also the same general pattern as the

median lines. Snyder's index shows a significant departure
from our trend-cycle charts between the central decade years

1875 to 1880; but this is due to the disproportionately large

weight assigned to crops in this index.22 On the whole, then,

21 Snyder's '49 series' and '87 series' indexes are given in his Business

Cycles, cited above, p. 239; the data for recent years through 1928 have been
furnished by Mr. Snyder. The figures of Snyder's '28 series' index, running
from 1880 through 1919, have also been furnished by Mr. Snyder. These
several indexes are described by Mr. Snyder as relating to 'general pro-
duction'. For the figures of King's index, which covers 1880-1919, see his

"Is Production Keeping Pace with Population?" (Bankers Statistics Cor-

poration, Weekly Service, August 24, 1920); this index is described by Dr.

King as relating to 'total production'. For the figures of Snyder's index
of 'basic' production, see Warren and Pearson, The Physical Volume of

Production, cited above, p. 64; this index is described by Mr. Snyder as

relating to the production of 'leading basic commodities'. For the sources

and the presumptive reference area of the remaining indexes of 'total*

production, see pp. 262-4, note 11.

22 The percentage 'contributions' of crops to the several indexes of
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the several weighted indexes of 'total' production evidence

trend-cycle movements which confirm the rhythm extracted

from our individual production series. The indexes in the

lower portion of Chart 1 1 are Snyder's constructions, each of

them being unweighted. Curiously enough, these indexes

show little conformity prior to the central decade year 1895,

and therefore confirm the standard trend-cycle pattern in

part only. It is probable, however, that the various depar-
tures of Snyder's indexes from the standard pattern arise from

certain peculiarities of their composition rather than from

their unweighted character. Some of these peculiarities are

taken account of in the curve headed 'Snyder (49 series, re-

computed)'.
23 This recomputation involves only minor emen-

dations in the '49 series' index; but it alters the complexion
of the index considerably and, interestingly enough, brings
it into close harmony with the medians of the trend-cycles of

our series. Recomputations have not been made of the '28

'total' production are as follows:

23 The recomputation (data of the component series were furnished by
Mr. Snyder) of the '49 series' index involved the following changes. First,
the series 'New York canals traffic' and 'quicksilver' were dropped, since

they exercise an influence on the index altogether out of proportion to
their importance (see p. 260). Second, the 'revised' estimates of the

Department of Agriculture for eight crops (listed below) were substituted
for the 'original' estimates which apparently had been used by Snyder.
(Reference is made here to the revisions effected in 1918, which covered
the years 1879 and 1889-1909; see Yearbook of Agriculture, 1918, p. 452.)
This makes a considerable difference, as may be gathered from the average
annual percentage rates of growth during 1890-1900 shown by the original
estimates (stated in parentheses) and by the revised estimates for eight



CYCLES IN GROWTH 203

series' and '87 series' indexes,
24 since they are constructed on

much the same plan as the '49 series' index.

The trend-cycles of the indexes of production of several

major industrial groups are shown in Chart 12, and the

corresponding figures are given in Appendix A. Table so.
25

The five indexes in the upper portion of the chart relate to

nonagricultural industriesthree cover mining, one manu-

factures, and one 'industrial activity'. Each of these indexes

ciops: rye (-1.7) 1.0; barley (-2.2) 2.7; hay (-0.8) 2.0; oats (2.6) 3.3; corn

(2.8) 4.8; potatoes (1.6) 3.1; buckwheat (-1.1) 0.7; and wheat (1.9) 4.1.

(The rates based on the revised estimates are in most instances different

from those presented in Appendix A, Table 45. The reason is that the

present rates refer to the exact calendar period 1890-1900, while the rates

in the Appendix table are corrected for the cyclical factor. Further, the

figure for wheat given here is based on estimates of the Department of

Agriculture, while the figure in Table 45 is based on the estimates of the

Food Research Institute.)
24 A few words are pertinent with respect to a conspicuous oddity of

Snyder's '87 series' index its extreme trough at the central decade year

1885. This is easily explained: the index is an arithmetic mean of relatives

on a 1910-14 base, is composed of 49 series in the decade bf the 'seventies,

and of an increasing number of series in later years. Beginning with the

'eighties, a fairly large number of series are included for industries which
in the early years were small in size, but subsequently grew at a rapid
rate: in 1880, coke, cement, salt, and roofing slate are incorporated for

the first time; in 1885, asphalt, barytes, mica, gypsum, and fluorspar; in

1888, oleomargarine. Most of the newly incorporated series have very low
relatives during the i88o's, and this tends to pull down the level of the

index in these years so much so, that the index registers an annual rate

of decline of o.i per cent during the decade 1880-90. Another point of

interest concerning the '87 series' index is that, unlike the '49 series' index,

it does not show a trough in the decade centered at 1895; this is due to

the fact that nonagricultural series play a much more important role in

the '87 series' index than in the '49 series' index.
25 Figures of the Cleveland Trust Company index of 'industrial activity*

(presented graphically in the company's Business Bulletin, May 15, 1931)
have been furnished by Mr. Bradford B. Smith, who states that the gen-
eral scope of the index, though not its specific coverage, is similar to that

of the Federal Reserve Board index of industrial production. Figures of

Snyder's
4

B' index of crops are given in Warren and Pearson, The Physical
Volume of Production, cited above, p. 64; this index is described by Mr.

Snyder as relating to the production of 'products of the soil (leading crops)'.

For the sources and the presumptive reference area of the other indexes

of major industrial groups, see pp. 262-4, note 11.
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traces out a trend-cycle path very similar to that of the

standard pattern. The five indexes in the lower portion of

the chart relate to crop production: these indexes resemble

one another closely, although Snyder's two indexes show in-

dividuality at a few points.
26 What is most significant is that

the crop indexes evidence a trend-cycle swing of an alto-

gether different cast than the decil charts or the several in-

dexes of nonagricultural production. Chart 12 suggests more

forcefully than the preceding analysis of different groups
of series that agricultural commodities have not been subject

to the same trend-cycle influences as nonagricultural com-

modities. In view of the peculiar trend-cycle path of the crop

indexes, it is now quite clear why the decil charts of the

groups including agricultural series are less regular than the

decil charts of the groups excluding agricultural series.

Thus, several lines of evidence averages of trend-cycles,

decil charts, averages for subgroups, summaries of direction

of trend-cycle movements, and production indexeslead in-

dependently to the conclusion that there has been a general

trend-cycle in the production of the nonagricultural indus-

tries of this country during the period since the Civil War.27

The most powerful of the instruments which we have used

in an attempt to uncover and test the validity of a general

the case of index 'A', this is probably due to the use of the

'original* crop estimates; see pp. 202-3, note 23. As for index 'B', it differs

from the other indexes of 'crop' production in excluding hay; also, it

includes wool production, and the production of artificial silk.

27 Though the present investigation -of production trends is restricted to

the period since 1870, it seemed desirable to determine whether or not

there was a general trend-cycle in production during the earlier years. Un-

fortunately, statistical data on production prior to 1870 are very meagre.
And there are other and (in a sense) more fundamental difficulties: the

farther back we go, the greater is the importance of agriculture, and the

looser the links between nonagricultural industries. An analysis of the trend-

cycles of the few (more or less) important series which go back of 1870

(lead, copper, zinc, pig iron, petroleum, rails, vessels, total coal, railway
ton-miles, and cotton consumption) disclosed only a mild degree of trend-

cycle consistency. The results of the study hardly warrant particularization.
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trend-cycle are the decil charts and averages for subgroups;
but the other techniques have provided valuable checks, even

though it be true that, if used exclusively, they could furnish

only very inconclusive evidence concerning a general trend-

cycle. All of our techniques have proceeded by devices of

anonymity; this was practically necessary in order to avoid

getting lost in the maze of idiosyncratic movements of vari-

ous of the series. But now that analysis has built up a strong

presumption that there has been a pervasive trend-cycle in

American industry, it is desirable to restore to the various

series their individuality, and examine their specific trend-

cycles in relation to the standard trend-cycle pattern.

III. TREND-CYCLE PATTERNS OF INDIVIDUAL
I NDU STRIES

A detailed analysis of the trend-cycle movements of the

individual production series would round out the analysis

and endow it with realistic flavor; but as this task is too

formidable to be undertaken here, a cursory examination

will have to suffice. The present section is devoted to a sur-

vey of the patterns of the trend-cycles of the individual

series, the next to their amplitudes. The analysis of the pat-

terns is a continuation of the preceding inquiry into a general

trend-cycle. The analysis of the amplitudes supplements that

of the patterns, the two yielding a general description of

trend-cycles in individual industries.

A basing rod for the measurement of the trend-cycle

patterns of the individual production series is furnished by
the standard trend-cycle. The series will be compared with

the standard trend-cycle pattern by means of an index of

trend-cycle conformity computed for each series in the

following manner: the trend-cycle movement between two

successive central decade years is given a score of +1, i, or

o, according as the movement conforms to the direction of
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the standard trend-cycle, is opposite to it, or is merely hori-

zontal; the scores are then combined by taking the excess

of pluses over minuses, and expressing the difference as a

ratio to the total number of scores. The index of conformity

may vary between the limits +1 and i, the former denot-

ing maximum direct conformity to the standard trend-cycle

pattern, and the latter maximum inverse conformity.

Though it is convenient to compare the series through their

indexes of trend-cycle conformity, the comparisons may be

very inexact for individual series taken by themselves; and

it is therefore best to pay chief attention to the general
level of the indexes in various industrial groups.

28

i. Agricultural Industries

In inquiring about the existence of a pervasive trend-

cycle in production, we encountered several indications that

agricultural industries have not followed the characteristic

pattern which seems to run through the trend-cycle move-

ments of nonagricultural industries. The agricultural in-

dustries provide the outstanding group of exceptions to a

really general trend-cycle movement in production. It is

therefore desirable to examine the trend-cycles of the agri-

cultural series apart from the nonagricultural.

A fairly definite story about trend-cycles in agricultural

production is disclosed by Tables 3234 and Chart 13. The
chart shows clearly that the leading crops trace out trend-

cycle patterns of strong individuality, and that few have

more than a faint resemblance to the standard trend-cycle

2 Several factors make for error in the indexes: the original data are

not always accinate, the method of determining the decade rates lacks

absolute nicety, the exponential cuivcs fitted to the decade lates give poor
fits in a few cases, and only the direction of the trend-cycle movement is

considered in the measures of conformity. Also, the comparability of the

indexes of conformity for the various series is impair."! somewhat by the

fact of their being based on such variable periods a c .he series cover. See

Appendix C, III,
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pattern. It will be seen from Table 32 that the average

level of the indexes of trend-cycle conformity of the agricul-

Table 32

CONFORMITY OF TREND-CYCLES OF PRODUCTION SERIES TO

STANDARD TREND-CYCLE: AGRICULTURE AND FISHERIES

tural and fisheries series is quite low. Table 33 shows that

the conformity of the crop series to the trend-cycle in total

crop production
29

is no greater than their conformity to the

2* The form of the trend-cycle pattern in total crop production was

assumed to be that of the Day-Persons, Warren-Pearson, and Timoshenko

crop indexes, which agree substantially in their trend-cycle movements,

despite certain differences in their construction and coverage. The trend-
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Chart 13
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standard trend cycle. It might have been expected that trend-

cycles in acreage
30 would conform more closely to the stand-

Table 33

CONFORMITY OF TREND-CYCLES OF CROP SERIES TO TREND-CYCLE

IN TOTAL CROP PRODUCTION AND TO STANDARD TREND-CYCLE

ard trend-cycle than do the trend-cycles of crop output; but

the indexes of trend-cycle conformity of crop acreages, pre-

cycle movement in total crop production between central decade years was
taken to be as follows: from 1875 to 1880, downward; 1880 to 1885, down-
ward; 1885 to 1890, downward; 1890 to 1895, upward; 1895 to 1900, down-
ward; 1900 to 1905, horizontal; 1905 to 1910, upward; 1910 to 1915, hori-

zontal; 1915 to 1920, downward; and 1920 to 1925, upward. The conformity
of the crop series to the trend-cycle pattern of total crop production was
determined in the same way as the conformity to the standard trend-cycle,

except that the changes from the central decade years 1900 to 1905, and

1910 to 1915 were disregarded.
80 The statistics of acreages were taken from the Yearbook of Agriculture,

except the figures for wheat for 1870-1910, which were obtained from
"Wheat Acreage and Production in the United States since 1866" (Food
Research Institute, Wheat Studies, Vol. II, No. 7, June, 1926). Trend-cycles
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sented in Table 34, have much the same general level as the

indexes of trend-cycle conformity of the crop production

Table 34

CONFORMITY OF TREND-CYCLES OF ACREAGES AND PRODUCTION

VOLUMES OF EIGHT LEADING CROPS TO STANDARD

TREND-CYCLE

series. 31 The randomness of trend-cycles in agricultural pro-
duction cannot, then, be attributed simply to erratic trend-

cycles in acre-yields.

of the acreage series were determined in the same way as the trend-cycles
of the production series. Data of the trend-cycles of acreages are given in

Appendix A, Table 51.
3i As indexes of trend-cycle conformity are summaries for a rather long

period, they may conceal correlated movements during shorter intervals.

(i) Thus, indexes of the trend-cycle conformity of the agricultural pro-
duction series to the standard trend -cycle obscure the fairly uniform down-
ward movement of the series between the central decade years 1915 and

1920, and the fairly uniform upward movement of the series between 1920
and 1925. (2) Similarly, indexes of the trend-cycle conformity of the outputs
of the various crops to the trend -cycle of total crop production obscure

the close conformity between the central decade years 1875 and 1880, 1915
and 1920, and 1920 and 1925. (3) Once more, indexes of the trend-cycle

conformity of crop acreages to the standard trend-cycle obscure the fairly

general conformity between the central decade years 1880 and 1885, 1885
and 1890, and 1915 and 1920.

It would seem, then, that during certain periods of intermediate dura-

tion, general factors impinging on agriculture may have been more impor-
tant than, and may have dominated over, the specific factors affecting the
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The individual character of the trend-cycles in agricul-

ture arises out of the basic conditions of agricultural pro-
duction. The use of farm land is influenced in very large

part by price movements: the trends in the acreages of

crops tend to respond, though to a variable degree, to trends

in prices which are normally divergent. The result is little

harmony in the secular movements of the acreages of the

various crops. The shifts in acreage are made possible by the

considerable mobility of agricultural resources land, equip-

ment, and labor from one product to another. Speaking

broadly, agricultural commodities constitute a single indus-

tryin any event, this is true of the various agricultural

regions taken separately. Thus oats, barley, corn, and winter

rye compete with spring wheat for acreage; oats and corn

with winter wheat; corn, velvet beans, and cow peas with

cotton; peanuts and cotton with tobacco; hay with various cash

crops; and various crops with pasture. The competitive rela-

tions among the various agricultural products tend to make
for discrepant trend-cycles in acreage, and therefore, in out-

put.

The technical relations among agricultural products, un-

like the competitive relations, conduce generally to similar-

ity in trend-cycles; but this is not true of all technical rela-

tions and, in any case, the technical relations are in a sense

less important than the competitive. Technical ties in the

form of sequences (that is, rigid rotation systems) and com-

plementary schemes of production (for example, hogs and

corn) make for similar trend-cycles. But the influence of these

technical ties is not diffusive, since they are restricted to dis-

tinct groups of crops and distinct areas. Nor are the techni-

cal relations among products absolutely ligid: they tend to

production of the individual crops. But this has definitely not been the case

over a si/able period of economic history. We have spoken above of i

trend-cycle in total ciop production, but its meaning is merely statistical;

there is no general (penasive) trend-cycle in crop production.
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vary, as a matter of fact, with considerations of price advan-

tage. Finally, certain technical relations among crops,

especially those realized in response to the operation of

the natural elements, tend to make for discrepant trend-

cycles. Thus, buckwheat is very commonly resorted to when

physical conditions for growing other crops are unfavorable;

and a good deal of barley acreage serves to complement the

fluctuations in other crops, especially when winter killing

affects them. The technical relations in agriculture are not,

therefore, of a sort to reduce materially the influence of the

competitive relations which make for individual trend-cycles

in production.
The trend-cycle movement of acre-yields is a contributory

cause of individual trend-cycles in agricultural production,
but it is apparently a minor cause only. Though natural

factors dominate year-by-year changes in acre-yields, it may
be expected that their effects will be self-cancelling over a

period of ten years or longer, so that the secular trend of

acre-yields will tend to bear primarily the impress of the

human factor. 32 Chart 14 shows that there is generally an in-

verse relationship between the trend-cycles of the acreage

and acre-yield of the leading crops.
33 This systematic feature

of the trend-cycles of acre-yields suggests that agricultural in-

dustries have responded to economic stimuli chiefly through
modifications in acreage. When for one reason or another

s* To be sure, natural determinants of yields occasionally dominate over

periods as long as a decade or even longer; for example, the influence of

the boll weevil on cotton yields in recent years. It is only when natural factors

dominate that trend-cycles in acre-yields are truly erratic.

s3 See pp. 210-1, note 30. The decade rates of acre-yields were obtained by
dividing the decade rates for production by the corresponding decade rates

for acreage, each expressed in ratio form that is, as 1.054 and not 5.4 per
cent, and so on (see F. C. Mills, The Behavior of Prices, National Bureau
of Economic Research, 1927, pp. 71-2). The trend-cycles of the acre-yields
of each crop were then determined in the same way as the trend-cycles
of the production series. Data of the trend-cycles of the acre-yields are

given in Appendix A, Table 51.
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Chart 14

TREND-CYCLES OF ACREAGES AND ACRE-YIELDS
OF EIGHT LEADING CRORS

-Acrcagt Yield

1875 16*0 1885 1890 1895 1900 1905 1910 1915 1920 1925
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acreage was expanded at a relatively rapid rate, crop culture

was practiced less intensively (or else improvements pro-

ceeded at a relatively mild pace), and lands of inferior qual-

ity were brought under the plough; so, a rise in the trend-

cycle of acreage generally meant a decline in the trend-cycle

of yields. On the other hand, when the rate of expansion in

acreage slackened, relatively more care was devoted to crop

cultivation; and when the trend of acreage actually declined,

it was oft the whole the poorer lands which were withdrawn

from use; so, a decline in the trend-cycle of acreage generally

meant a rise in the trend-cycle of yields. It will be seen from

Chart 14 that the inverse relationship between trend-cycles

in acreage and yield is slightly higher for the early period
than for recent decades. This may mean that the agricultural

community has come of late to respond to considerations of

price advantage by controlling yields in slightly greater de-

gree than formerly; which would be but a natural conse-

quence of the passing of the frontier and the diminution of

virgin land.

2. Nonagricultural Industries

Except for agriculture, a general trend-cycle rhythm seems

to have been pervasive in industrial production. The indexes

of trend-cycle conformity of the nonagricultural series are

distributed by industrial groups in Tables 35-37. For illustra-

tive purposes, the trend-cycles of a number of nonagricul-
tural series are presented graphically, for several groups of

related series, in Charts 15 and 17-19. Chart 16 shows me-

dians of treftd-cycles of manufactures from agricultural and

from mineral raw materials.

Most of the nonagricultural series have positive indexes

of trend-cycle conformity, and the more important of the

series are generally found among those having rather high
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Table 35

CONFORMITY OF TREND-CYCLES OF PRODUCTION SERIES TO

STANDARD TREND-CYCLE: MINING

indexes. 34 In the mineral group, the industrial metals and

fuels are conspicuous by their generally high indexes of con-

formity. Among manufactures, the iron and steel series have

the highest indexes; series of transportation equipment, tex-

tile products, tobacco products, and nonferrous industrial

34 The arithmetic mean of the indexes of trend-cycle conformity of Section

i of the basic nonagricultural series is .40; of Section 4 of the basic non-

agricultural series, .49. (For the composition of these groups, see pp. 180-1,
note 8, and p. 183, note 10.) The arithmetic mean of the non-basic nori-

agricultural series (this group consists of 31 series, these being the scncs

above number 23, as listed on p. 163, note 77) is .34.
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Chart 15

TREND-CYCLES OF PRODUCTION OF EIGHT LEADING MINERALS
Pit Rr
tint

-2-

cent
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Table 36

CONFORMITY OF TREND-CYCLES OF PRODUCTION SERIES TO

STANDARD TREND-CYCLE! MANUFACTURES AND CONSTRUCTION

Series

Period

covered

by series

Index of

conformity

Cigars 1880-1929 i.oo

Coke 1880-1929 1.00

Rolled iron and steel 1885-1929 i.oo

Pig iron 1870-1929 .80

Superphosphate 1870-1929 .80

Tin imports 1870-1929 .80

Tin-plate consumption 1871-1929 .80

Canned corn 1885-1929 .71

Tobacco consumption 1880-1929 .62

Cocoa imports 1870-1929 .60

Cottonseed cake and meal 1872-1929 .60

Lead consumption 1870-1929 .60

Minor fiber imports 1870-1929 .60

Rail consumption 1870-1929 .60

Rails 1870-1929 .60

Sisal imports 1 870-1929 .60

Steel 1870-1929 .60

Vessels 1870-1929 .60

Distilled spirits 1870-1918 .50

Gold consumption 1880-1929 .50

Locomotives 1880-1929 .50

Nails 1872-1929 .50

Silk imports, raw 1870-1929 .50

Zinc consumption 1873-1929 .44

Copper consumption 1883-1929 .43

Silk imports, unmanufactured 1883-1929 .43

Cotton consumption 1870-1929 .40

Cottonseed oil 1872-1929 .40

Jute imports 1870-1929 .40

Rubber imports 1870-1929 .40

Roofing slate 1879-1929 .37

Tobacco and snuff 1871-1929 .30

Fermented liquors 1870-1918 .25

Coffee imports 1870-1929 .20

Manila hemp imports 1870-1929 .20
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Table 36 (cont.)

CONFORMITY OF TREND-CYCLES OF PRODUCTION SERIES TO

STANDARD TREND-CYCLE: MANUFACTURES AND CONSTRUCTION

metals and their derivatives have, speaking generally, fairly

high indexes; and manufactures from mineral materials

have, on the average, somewhat higher indexes of conformity

Chart 16

MEDIANS OF TREND-CYCLES OF TWO GROUPS
OF MANUFACTURES

Manufactures from

agricultural materials

1875 I860 t885 1890 1695 1900 1905 1910 1915 1920 1925
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than manufactures from agricultural materials. The several

railway series, shares traded, and deflated clearings have the

highest indexes in the transportation and trade division. On
the other hand, little direct conformity to the standard trend-

cycle pattern is evidenced by the precious metals, many of

the series relating to construction, a number of food prod-

ucts, and the series on foreign trade.

Table 37

CONFORMITY OF TREND-CYCLES OF PRODUCTION SERIES TO

STANDARD TREND-CYCLE: TRANSPORTATION AND TRADE

Period

Series covered
In
f
exof

by series conformity

Certain of the nonagricultural series have been insensitive

to the standard trend-cycle rhythm throughout most of the

period covered (in the sense that they have not conformed

consistently for any considerable continuous period). Many
and varied causes account for their non-conformity, but the

chief forces at work may be subsumed under three categories,

(i) Over a large range of industry, conditions of joint pro-

duction obtain; and when considerable quantities of the

output of a given commodity are a by-product of activities

carried on principally for some other product or products,

the given commodity may depart considerably, as do silver
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Chart 17

TREND-CYCLES OF PRODUCTION OF IRON, STEEL, AND COKE

1675 1880 1885 1890 1895 1900 1905 1910 1915 1930 1925

and lead,
35 from the general rhythm of the secular trends of

industry. (2) Competitive relations among commodities are

most important when the output of a number of commodi-

ties constitutes a composite supply for the satisfaction of a

given want or limited range of wants: natural cement and

35 For a time in the latter part of the nineteenth century, lead was in

large part a by-product of silver mining. At present, the bulk of American

silver production (in 1928, about 80 per cent) is a by-product of ores

mined primarily for some other metal; see C. W. Merrill, Economic Rela-

tions of Silver to Other Metals in Argentiferous Ores (Bureau of Mines,

Economic Paper 10).
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Chart 18

TREND-CYCLES OF PRODUCTION SERIES
RELATING TO CONSTRUCTION

-2
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Chart 19

TREND-CYCLES OF SEVERAL SERIES RELATING TO
TRANSPORTATION AND TRADE

1875 1880 1885 1890 1895 (900 1905 1910 1920 1925



324 PRODUCTION TRENDS

Portland cement, native asphalt and manufactured asphalt,

white lead and zinc oxide, wool and other textiles, and so

on, have been rivals in such a sense. Taken separately, such

industries are 'incomplete'; and when one gains rapidly at

the expense of the other, the trend-cycles
36 of one or both

are likely to depart from the standard pattern. (3) Special
factors have dominated the trend-cycles of certain industries.

An outstanding instance is gold production, whose secular

trend has been influenced in large part by the cost of gold

extraction, which has tended to vary with the trend of com-

modity prices.
37 Another is the flour industry whose trend-

cycle pattern has followed closely that of wheat production.
In the case of petroleum, the defective organization of the

industry from the standpoint of its technical basis has con-

duced to erratic trend-cycles: the petroleum industry is

strongly competitive and subject to the mining law that

property rights in land surfaces descend vertically, but oil

underground is migratory and no respecter of business organ-

ization; the consequence has been that new discoveries of

petroleum beds have been exploited irrespective of the gen-

eral state of the industry and that drilling has taken place

near the boundary lines of individual leaseholds, only to be

followed by 'offset' wells drilled on adjoining lands. Then

again, the trend-cycles of the series 'tonnage entered and

cleared' and 'agricultural exports' have been influenced in

86 The series 'Portland cement* has a low index of trend-cycle conformity,
and so has the series 'non-Portland cements'; the series 'total cement',

however, has a rather high index. The 'asphalt' series used in this study
covers the native product only, but native asphalt has been eclipsed in recent

decades by the asphalt manufactured from domestic and Mexican petroleum;
as the statistical record of manufactured asphalt is incomplete, exact com-

putations are not worth making, but the indications are that an index of

conformity of total asphalt production would be higher than that of native

asphalt alone. Wool consumption has a low index of trend-cycle conformity;
but the numerical indications are that an index of production of all textile

products would show high conformity.
a* The trend-cycles of gold production appear to have varied inversely

with the trend of actual commodity prices.
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considerable part by trend-cycles in the output of the domes-

tic agriculture, which, as we have seen, bear little relation to

the standard trend-cycle.

In addition to those nonagricultural series which have been

insensitive to the standard trend-cycle during most of the

period since 1870, there are some series which have been

sensitive at one end of the period but not at the other, and

for only this reason have low indexes of trend-cycle con-

formity. And although most of the series conform rather

well to the standard pattern during the period taken as a

whole, all but six of the series fail to conform during one

or another portion of the period. All kinds of special factors

account for the numerous departures of the series from the

standard pattern during certain periods; but the most obtru-

sive are those associated with fundamental changes in the

position of given industries in the economic system. Thus,

the non-conformity of railway ton-miles to the standard pat-

tern between the central decade years 1875 and 1880 is

due partly to the relatively large importance of agricultural

freight at that early time.38 It is only in the last decade that

the series of railway passenger-miles has conspicuously failed

to conform to the standard trend-cycle; and its recent erratic

behavior is doubtless traceable to the appreciable replace-

ment of the railway by the automobile as an agency for the

transport of passengers: the volume of railway passenger
traffic reached an absolute peak in 1920 and by 1929 it had

declined almost 35 per cent from its high point. Sulphur

production shows perfect conformity to the standard trend-

cycle since 1900;
39

prior to that date, it shows little con-

formity, but the industry was of negligible size before the

turn of the century. Nail production shows perfect conform-

as See Appendix C, III.

s This is shown by calculations restricted to the period since 1900, but
not by the trend-cycle data for sulphur given in Appendix A, Table 47.
The latter, however, are of little significance; see p. 103, note 8.
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ity during most of the period covered, but of late its move-

ment has diverged from that of; the standard pattern and

also from that of the other series of 'construction' materials;

this probably reflects the sharp curtailment in the use of

wood for building and packing. Then again, the series of

postal money orders shows fairly close conformity during the

early decades; but in recent decades, probably as a result of

the growing practice of keeping checking accounts, its move-

ment has been insensitive to the general trend-cycle. Apart
from those industries whose position in the economic system
has undergone a fundamental change, the construction series

provide the most conspicuous instances of non-conformity to

the standard pattern during certain periods. Beginning with

the central decade year 1910, the construction series (see

Chart 18) have diverged more or less uniformly a result in

considerable part of the authoritarian restrictions on con-

struction during the War period.

IV. TREND-CYCLE AMPLITUDES OF
INDIVIDUAL INDUSTRIES

f

The measures of inconstancy in the rates of growth of

individual industries have already suggested that the magni-
tude of the swings in trend-cycles is considerable and varies

from series to series.
40 Now that the statistical analysis of the

trend-cycle patterns has been concluded, we may strive for

exact notions concerning their amplitudes. A measure of the

trend-cycle amplitude of a series may be obtained by taking

the standard deviation of its trend-cycle observations; the

latter, it will be recalled, are deviations of the decade rates

of a series from an exponential curve fitted to the rates.

The standard deviation of the trend-cycle observations of a

series states the degree of variation in the slope of the secular

trend of the series with reference to the slope of a primary

40 See Ch. Ill, sec. II.
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trend that is in effect a 'logarithmic* parabola.
41

The measures of trend-cycle amplitude are summarized

analytically
42 in Table 38 and are recorded by individual

series in Table 39. The first table shows that agricultural

series account largely for the lowest of the amplitudes, and

mineral series for the highest; and that within each indus-

trial division, non-basic series account mainly for the ex-

tremely high amplitudes. The average level of the amplitudes
is relatively low in the division of agriculture and fisheries,

and of transportation and trade; and relatively high in the

division of mining, and of manufactures and construction.

Chart 16 indicates that the trend-cycles of manufactures from

agricultural materials are of smaller amplitude than of manu-

factures from mineral materials.43 The most obtrusive in-

4i See Ch. IV, sec. I, and this chapter, sec. I. The. standard deviation

of the decade rates of a series (see Ch. Ill, sec. II) measures the influence

of two factors: the drift of the decade rates and the amplitude of the

fluctuations of the decade rates about a line defining their general drift.

The influence of the first factor is eliminated largely in the measure of

trend-cycle amplitude. This has two consequences. First, the measures of

trend-cycle amplitude are lower than the standard deviations of decade

rates in all series except the following, in which the two are identical:

13, 21, 23, 31, 40, 74, 91, and 102. Second, the variation of the measures

of trend-cycle amplitude is lower than that of the standard deviations of

decade rates. The correlation between the two measures is high; the

coefficient of correlation for the 'all' series group is .95 (the coefficient for

this group becomes .91, when the five series having the largest values-

series 2, 35, 44, 65, and 84 are dropped).
*a For the composition of the 'all' series and basic series groups, see

Appendix A, Table 46, columns e and /.

*3 The medians of the trend-cycle observations of the two groups are

given in Appendix A, Table 52. The manufactures from agricultural ma-
terials include the following series: 46-51, 54, 58, 61, 66, 69-71, 74, 76-7,

79, 86, and 88-9; for the central decade years 1875, 1880, and 1885, series

Go is substituted for series 86. The manufactures from mineral materials

include the following series: 52-3, 56-7, 62-4, 67-8, 72-3, 75, 78, 80-2,

84-5, 87, and 90. (For certain of the central decade years, not all of these

series arc included; see pp. 180-1, note 8.)

The amplitude of the medians of the trend-cycles of manufactures from

agricultural materials is 0.8 per cent, of the medians of the trend-cycles
of manufactures from mineral materials 1.3 per cent. As for the individual

series, 8 manufactures from mineral materials have trend-cycle amplitudes
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Table 38

FREQUENCY DISTRIBUTIONS OF MEASURES OF TREND-CYCLE

AMPLITUDE, FOR 'ALL* SERIES AND BASIC SERIES,

BY INDUSTRIAL GROUPS

* The items in this class are: agriculture and fisheries, 13.0 per cent; mining, 16.8
and 31.6 per cent; manufactures and construction, 16.7 per cent.

of 3.0 per cent or over, but only 2 manufactures from agricultural materials.

On the other hand, 9 manufactures from agricultural materials have

amplitudes of 1.5 per cent or less, but only 4 manufactures from mineral
materials.
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dustrial difference, then, is between agricultural products
and their processed derivatives, on the one hand, and min-

erals and their derivatives, on the other; or what comes

substantially to the same thing, between consumers' goods
and producers' goods industries.44

These industrial differences in trend-cycle amplitude are

traceable to four factors: type of technology and organiza-

tion, type of demand, scope of industry, and its degree of

maturity. The influence of the first factor can be detected

in the difference between the trend-cycle amplitudes of the

agricultural and mineral industries. In agriculture, the con-

trol over output is widely diffused, much of the output of

each of the various products is an incidental result of activi-

ties carried on principally for other products, and managerial

policy is such as to lead generally to an inverse movement

in the trend-cycles of acreages and acre-yields.
43 Thus, those

factors making for trend-cycles which arise in the technology
and organization of agriculture operate through numerous

channels, often work in different directions, and therefore

are self-cancelling in considerable part; so that the trend-

cycle amplitudes tend to be low. In contrast to agriculture,

most mineral industries are characterized by fair concentra-

tion of control, and practically all of the output of most

minerals results from activities carried on almost solely for

those minerals. Therefore, those factors making for trend-

4* Consumers' goods are viewed as products destined for human con-

sumption, producers' goods as products which find final realization in

industrial equipment. Of the 59 basic series (see Appendix A, Table 46,

column /), 29 may be listed fairly unequivocally as consumers' goods series,

and 14 as producers' goods series. The first group includes series i, 5-6,

9-10, 13-5, 18-20, 23-4, 43, 46-50, 58, 66, 68, 71, 79-80, 82-3, 86, and 99;
the second includes series 25, 27, 29, 34, 36, 39, 52, 56, 62, 73, 78, 85,

90, and 91. The median of the trend-cycle amplitudes of the consumers'

goods series is 1.6 per cent, as is the arithmetic mean. The median of the

amplitudes of the producers' goods series is 2.4 per cent, the arithmetic

mean 2.6 per cent.

See pp. 213-5.
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Table 39
MEASURES OF TREND-CYCLE AMPLITUDE

(Unit: one per cent)

Series

Period

covered

by series

Trend-cycle

amplitude

Agriculture and fisheries

Beet sugar 1870-1929 13.0

Raisins 1872-1929 7.9

Flaxseed 1879-1929 5.0

Rice 1870-1929 5.0

Rye 1870-1929 4.1

Whale 1870-1929 3.7

Molasses and sirup 1870-1929 2.6

Barley 1870-1929 2,5

Cane sugar 1870-1929 2.5

Tobacco, raw 1870-1929 2.2

Cattle 1880-1929 .8

Cotton 1870-1929 .8

Cod and mackerel 1870-1929 .7

Sheep 1 880-1929 .7

Wool 1870-1929 .7

Wheat 1870-1930 4
Oats 1870-1930 .3

Buckwheat 1870-1929 .2

Potatoes 1870-1929 1.0

Corn 1870-1929 0.9

Hogs 1880-1929 0.9

Fish, total 1880-1929 0.8

Hay 1870-1930 0.8

Mining

Sulphur 1880-1929 31.6

Asphalt 1880-1929 16.8

Non-Portland cements 1880-1929 1 1.5

Portland cement 1880-1929
Natural gas 1882-1929

Fluorspar 1880-1929 6.9

Mercury 1870-1929 6.6

Pyntes 1880-1929 5.3

Gypsum 1880-1929 5.2



CYCLES IN GROWTH

Series

Table 39 (cont.)

MEASURES OF TREND-CYCLE AMPLITUDE

(Unit: one per cent)

Period

covered

by series

Trend-cycle

amplitude

Mining (cont.)

Gold 1870-1929 4.5

Cement, total 1880-1929 4.2

Petroleum 1870-1929 3.6

Lead, domestic '. 1870-1929 3.1

Copper 1870-1929 2.8

Bituminous coal 1870-1929 2.4

Iron ore 1880-1929 2.4

Zinc 1870-1929 2.1

Coal, total 1870-1929 2.0

Phosphate rock 1870-1929 i .9

Salt 1880-1929 1.7

Silver 1870-1929 1.6

Anthracite coal 1870-1929 1.2

Manufactures and construction

Vessels 1870-1929 16.7

Aluminum 1883-1929 1 1 .6

Cigarettes 1880-1929 6.4

Locomotives 1880-1929 6.3

Building permits 1874-1929 5.9

Antimonial lead 1871-1929 5.4

Rubber imports 1870-1929 4.9

Rail consumption 1870-1929 4.1

Steel 1870-1929 4.1

Sisal imports 1870-1929 3.7

Roofing slate 1879-1929 3.6

Gold consumption 1880-1929 3.2

Rails 1870-1929 3.1

Superphosphate 1870-1929 3.0

Canned corn 1885-1929 2.9

Lead, total 1870-1929 2.7

Cocoa imports 1870-1929 2.5

Cottonseed oil 1872-1929 2.5



232 PRODUCTION TRENDS

Table 39 (cont.)

MEASURES OF TREND-CYCLE AMPLITUDE

(Unit: one per cent)

Series

Period

covered

by series

Trend-cycle

amplitude

Manufactures and construction (cont.)

Rolled iron and steel 1885-1929 2.5

Cottonseed cake and meal 1872-1929 2.4

Flaxseed consumption 1879-1929 2.4

Jute imports 1870-1929 2.3

Silver consumption 1880-1929 2.3

Distilled spirits 1870-1918 2.2

Copper consumption 1883-1929 2.1

Pig iron 1870-1929 2.0

Tin-plate consumption 1871-1929 2.0

Zinc consumption 1873-1929 1.9

Manila hemp imports 1870-1929 1.8

Silk imports, raw 1870-1929 1.8

Coke 1880-1929 1.7

Minor fiber imports 1870-1929 1.7

Wool consumption 1870-1930 1.6

Coffee imports 1870-1929 1.5

Nails 1872-1929 1.5

Cigars 1880-1929 1.4

Fermented liquors 1870-1918 1.4

White lead 1884-1929 1.4

Canned tomatoes 1885-1929 1.3

Tobacco and snuff 1871-1929 1.2

Cotton consumption 1870-1929 i.o

Lead consumption 1870-1929 i.o

Raw sugar consumption 1870-1930 1.0

Silk imports, unmanufactured 1883-1929 1.0

Tin imports 1870-1929 i.o

Tobacco consumption 1880-1929 0.9

Flour 1880-1929 0.5

Transportation and trade

Shares traded 1875-1929 8.0

N. Y. canals traffic 1870-1929 4.6

S. S. Marie canals traffic 1870-1929 4.1
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cycles which arise in the technology and organization of

mining are not self-cancelling to the same extent as in agri-

culture, and tend to make for large amplitudes. But the

technological factors underlying mining resemble in some

cases, most notably in the silver industry, those of agricul-

ture: as the mining of the various ores containing silver is

influenced by somewhat different causes, the trend-cycles in

the various ores are partly self-cancelling, and silver produc-
tion has consequently a low trend-cycle amplitude.
The powerful influence of type of demand on the trend-

cycle amplitudes of industries is expressed in the lower am-

plitude of consumers' goods than of producers' goods indus-

tries, previously mentioned, and in the lower amplitude of

industries producing consumers' staples than of luxury goods.

Trends of consumption of consumers' staples are closely

linked to the trend of population which is superlatively reg-

ular. Whatever secular changes take place in the per-capita

consumption of staples tend to be gradual, in part, because
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trend-cycles of real earnings are of mild amplitude,
46 but

primarily, because staples are deeply ingrained in the cus-

toms of the people. In the case of luxury products, however,

demand factors tend to make for large trend-cycle ampli-

tudes, in part, because such products are 'marginal' in con-

sumers' outlays, and in part, because fashions in their use are

often volatile. Finally, the demand for producers' goods,

being derived from the demand for consumers' goods, ordi-

narily exaggerates the secular variations in that demand, and

therefore tends to make for large trend-cycle amplitudes.

Thus, a change from, say, an upward to a downward trend-

cycle movement will tend to be accompanied by a sharp
curtailment in capital extensions, since a diminished rate of

growth in the production of consumers' goods means that

the productive facilities extended earlier on the basis of the

former higher rate of growth in production can amply pro-

vide for the moderately increasing demand for some years.

Delays will also tend to take place in repairs and replace-

ments, for the overextension of capital facilities makes shifts

possible to idle equipment in good condition. These factors

make for a very sharp downward trend-cycle movement in

producers' goods industries, but they do not hold sway ex-

clusively and are counteracted, though only in part, by other

factors: only a limited number of enterprises provide capital

facilities for their anticipated growth over a long period,

new industries require instrumental equipment, and a period

of general trend-cycle contraction is yet a period of trend-

cycle expansion for a goodly number of industries.

The lower trend-cycle amplitude of basic than of non-basic

series is traceable to differences in the scope and maturity of

the industries in the two groups. The broader the industrial

coverage of a series, the more potent are the influences mak-

*a The trend-cycle amplitude of an index of real earnings (see p. 240,

note 53) is 0.8 per cent for 1890-1926.
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ing for a low trend-cycle amplitude. For when the composite
demand for a good is wide and diversified, the various com-

ponents of that demand are likely to be subject to trend-

cycle movements which are to some extent antithetical; the

output of that good is therefore likely to have a small trend-

cycle amplitude. On the other hand, the demand for a

specialized commodity flows through a single channel or a

limited number of channels; the output of that good is there-

fore likely to have a large trend-cycle amplitude. The influ-

ence of the industrial scope of a series on its trend-cycle

amplitude is continuous and works within and across the

groups of basic and non-basic series. Thus, the basic series

of greatest industrial coverage or reference such as deflated

clearings, railway freight, railway ton-miles, and postage

stamps have exceptionally low trend-cycle amplitudes.
Where aggregate series and their components are both in-

cluded in our list of series, the aggregate series generally have

the lower amplitudes.
47 In the simple industrial sequences

represented by the production of a raw material and its

industrial consumption, the consumption series have a wider

industrial reference and generally have also the lower ampli-
tudes. 48

Finally, the trend-cycle amplitude of an industry tends to

reflect its age or degree of maturity. The trend-cycles of

'mature* industries tend to be of mild amplitude: since the

47 Coal is an exception, but this results from the very high direct correla-

tion between the trend-cycles of anthracite and bituminous.
48 Of nine such sequences among our series (see p. 166), all but two-

copper and silver conform to the rule stated; and it is of some significance
that the ores of these two metals are generally combined with other ores.

The present comparisons are based on periods which are identical for the

production and consumption of each commodity, but different for the

several commodities. Special computations of trend-cycle amplitudes were

necessary for certain of the series. They are as follows for the periods in-

dicated: copper (1883-1929), 1.6 per cent; zinc (1873-1929), 2.1 per cent;

silver (1880-1929), 1.7 per cent; gold (1880-1929), 4.0 per cent; and raw
tobacco (1880-1929), 2.1 per cent.
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absolute size of their output is large and the slopes of their

primary trends are mild, even appreciable changes in the

volume of production are likely to mean only small changes
in their percentage rates of growth. On the other hand, the

trend-cycles of 'new* and 'decadent* industries tend to be of

large amplitude: since the absolute size of their output is

small and the slopes of their primary trends are sharp, at

least during the phases of infancy and late retrogression,

even minor changes in the volume of production are likely

to mean considerable changes in their percentage rates of

growth. Since high average rates of growth or of decline

equally imply considerable capacity for variation over time

in the rates of growth, a rectilinear relationship cannot be

expected to hold between the average rate of growth, pre-

viously accepted as a rough indicator of industrial maturity,

and the trend-cycle amplitude of industries; but it may be

expected to hold for the consistently progressive or retro-

gressive divisions of industry or to use the terminology
earlier employed, for series with measures of continuity of

growth of + 1 or i.
49

Table 40 indicates that our statistical records consist with

these expectations.
50 The coefficients of correlation are negli-

49 See pp. 74-6.
so The 5 series having the highest trend-cycle amplitudes and the 5 hav-

ing the highest average rates of growth (for the full period covered) were

omitted from the 'all' series group (see Appendix A, Table 46, column e);

since 3 series had extreme values, for both variables, only the following 7

series had to be dropped: 2, 16, 35, 41, 44, 65, and 84. The last 5 series

were dropped also from the nonagricultural group (see Table 46, column

g). For the composition of the basic and basic nonagricultural groups,
see Table 46, columns f and h\ of the basic consumers' goods and basic

producers' goods groups, see p. 229, note 44. The group with measures

of cotitinuity of growth of i.oo includes series 19, 29, 31, 36, 38, 43, 46-7,

52-3 58~9> 62-4, 68, 73, 82-3, 85-6, 88, 90, 95-7, 101, and 104. The group
with measures of continuity of growth from .50 to i.oo includes series i,

5-14, 18, 20, 23-5, 27, 32, 34, 37, 39, 42, 45, 48-50, 54, 56, 61, 66-7, 69-72,

74, 76-80, 87, 89, 93, 98-99, and 102. The group with measures of con-

tinuity of growth below .50 includes series 3-4, 15, 17, 21-2, 28, 30, 33, 40,

5 l * 57> 75. 81. 91-2, 94, 100, and
103. (In all, the last 3 groups include 94
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gible for the 'air series and nonagricultural groups, because

the high positive correlation for the rapidly growing indus-

tries is cancelled by the negative correlation for decadent

Table 40

COEFFICIENTS OF CORRELATION BETWEEN AVERAGE RATES OF

GROWTH AND TREND-CYCLE AMPLITUDES, FOR SEVERAL

GROUPS OF PRODUCTION SERIES

Series with measures of continuity of growth
of i .00

Series with measures of continuity of growth
from .50 to i .00

Series with measures of continuity of growth
below .50

28 .72

.66

industries and the absence of correlation for industries in the

twilight zone of progress. On the other hand, the coefficients

are fairly high for the basic and basic nonagricultural groups,
because none of the industries in these groups show an aver-

age rate of decline and a smaller number are in the twilight

zone of progress, so that only a part of the correlation for the

progressive group is cancelled. 01 But the most illuminating

series, which is two more than is contained in the 'all* series group with
extremes dropped. Series 36 and 83, which were dropped earlier because of

their duplicative character see p. 52, noteare retained in the group
with measures of continuity of i.oo because they do not involve there any
duplication.)

si The coefficients for basic consumers' goods and basic producers' goods
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coefficients are for the several groups of series of varying de-

grees of progressiveness as indicated by measures of contin-

uity of growth: the correlation is seen to decline with the

continuity of growth of the series. In the progressive division

of industry, then, the industries having grown relatively at

the highest rates tend to be the same as those having relatively

the highest trend-cycle amplitudes; and the industries hav-

ing grown at the lowest rates tend to be the same as those

having the lowest trend-cycle amplitudes.
52

are of the same order of magnitude as the coefficient for the entire basic

group; this indicates that the correlation in the basic group does not reflect

merely the lower (average) rate of growth and lower trend-cycle ampli-
tude of consumers' goods than of producers' goods series.

&2The correlation study indicates emphatically that the average rate of

growth, taken algebraically, does not bear a linear relationship to trend-

cycle amplitude. Yet, if the average rate of growth which may be viewed

as an index of the potential capacity for variation in the characteristic

represented by a series having positive values throughout is replaced

by a generalized and more significant index of capacity for variation, a

consistently, linear relationship does emerge between trend-cycle amplitude
and such a modified measure. A general index of capacity for variation

may be readily secured by observing a few elementary points. It is accepted
in Statistics that the average value of a series is an index of the capacity
of the series to vary; otherwise, there is no sense in taking an average as

the denominator of the coefficient of relative variability. Yet, an average
can logically serve, as an index of capacity for variation, only in the case

of a series with positive values. When all items are negative, a negative

capacity for variation would be indicated, which is nonsense. When positive
and negative items balance exactly, that is, when their arithmetic mean
is zero, we have the paradox of a series having no capacity for variation

showing nevertheless infinite relative variation. These considerations point
to the necessity of redefining just what it is which measures the capacity
of a series to vary.
The characteristic of potential variability can be determined statistically

from only the direct behavior of a series that is, if there is no a priori

knowledge of the causes making for its variability. Every individual departure
of a series from zero constitutes an observation on the capacity of the

series to vary. Therefore, an average deviation or a standard deviation

measured from zero expresses synthetically the degree of potential varia-

tion. An average deviation from zero is simply the arithmetic mean of

the series when all items are positive; this means that the average devia-

tion from zero is a general measure of potential capacity for variation,

containing the arithmetic mean as a special case when all items are posi-
tive. But the standard deviation from zero is a preferable measure of capacity
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V. THE EXPLANATION OF TREND-CYCLES
An attempt has already been made in section III to explain

the individual character of the trend-cycles in agriculture,

and also the various departures of nonagricultural series from

the standard trend-cycle pattern. We must now direct our

attention to the causes of the similarities among the series

that is, the trend-cycle rhythm proper. Presumably, the trend-

cycles of production tend to run a similar course in the vari-

ous industries because of their technical and commercial in-

terdependence. The interconnection of economic processes

for variation; for it bears a definite mathematical relation to the standard

deviation taken from the mean and to the standard deviation taken from a

line of trend: the latter two cannot be gi eater than the former. (One impli-
cation is that the coefficient of relative variability can be expressed as the

ratio of a standard deviation measured from the mean to a standard devia-

tion measured from zero.)

It is to be expected that a coefficient of correlation between this index

of capacity for variation and trend-cycle amplitude will be higher than

that between the average rate of growth and trend-cycle amplitude. In

fact, the correlation for the 'all' series group (see note 50) now becomes

.69, while it was formerly only .14. Similarly, the correlation for the basic

series group is raised from .39 to .61. The high relationship between in-

dexes of trend-cycle amplitude and indexes of capacity for variation means

simply that the potential capacity of the rate of growth of an industry to

vary is actually realized in a fairly consistent degree by the ensemble of

series. Of itself, this is not very important; but it provides indirectly a

useful standard for the segregation of series that have realized to an

exceptionally large or small (relative) extent the potential capacity for varia-

tion in the rates of their development. Such a standard may be taken to be
defined by the zone traced out by the 'standard error* measured on each side

of the line of regression of trend-cycle amplitude on the index of capacity
for variation. The series of the basic group lying above this zone are gold,

gold consumption, rail consumption, building permits, and rubber imports:
these are series whose actual trend-cycle amplitude is 'abnormally' large
in relation to their potential capacity for variation. The series lying below
the zone are cottonseed oil, phosphate rock, tin imports, unmanufactured
silk imports, postage stamps, and railway ton-miles: these are series whose
actual trend-cycle amplitude is 'abnormally' small in relation to their poten-
tial capacity for variation. Only this conclusion is warranted: when the

capacity for variation in the rate of industrial growth is considered, the con-

struction series have exceptionally large trend-cycle amplitudes, while the

series of broadest industrial reference have exceptionally small trend-cycle

amplitudes.
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in turn suggests that the standard trend-cycle cannot be con-

fined to the sphere of physical production alone, that it must

pervade as well all other major elements in the economy. A
brief study of series relating to economic processes other than

production nonagricultural prices, 'all-commodity' prices,

real earnings, money in circulation, gold stocks, business

failures, and patents issued shows (see Chart 20) that such

series do in fact run a trend-cycle course similar to that of the

standard trend-cycle.
53 There is some evidence, then, that the

53 The indexes of trend-cycle conformity of the series are as follows:

nonagricultural prices i.oo, 'all-commodity' prices i.oo, real earnings .60,

money in circulation .60, gold stocks .80, business failures (inverted) .80,

patents issued .80.

The trend-cycles of these non-production series were determined in the

same way as the trend-cycles of the production series, except that, in the

case of the price indexes, the deviations of the decade rates were taken

from natural straight lines. (This minor technical departure was resorted

to, because there is no sense in considering the primary trend of prices
as a 'logarithmic' parabola. The results obtained do not differ perceptibly
from those yielded by an exponential curve fitted to the decade rates.)

The trend-cycles of the price indexes are not given beyond the central

decade year 1910, since decade rates for the later period of violent price
movements would be fictive. However, if trend-cycles of the price indexes

were computed for the later years, they would continue to conform to the

standard trend-cycle. The failure of the wage series to cover the full period
since 1870 is due to absence of data.

For the figures corresponding to Chart 20, see Appendix A, Table 53.

The curve in Chart 20, headed 'standard trend-cycle* is a graph of the

arithmetic means of the nine decil curves of the basic nonagricultural

group (Section 4, see Chart 8D and Table 48). The other curves in Chart

20 are based on the following data: (i) Nonagricultural wholesale prices:

1870-90, index by Bureau of Agricultural Economics, derived from the

Aldrich report indexes, the foods group being excluded; since 1890, an
index furnished by Professor Mills (this index is an unweighted geometric
of relatives of nonagricultural prices, manufactured derivatives of farm

products not being included). (2) 'All-commodity' wholesale prices: 1870-89,
the Aldrich report index; beginning with 1890, index of the Bureau of

Labor Statistics. (The Warren-Pearson index of wholesale commodity
prices see New York State College of Agriculture, Farm Economics, Septem-
ber, 1931, pp. 1586-7 gives much the same results for the period 1870-90
as the notorious Aldrich index.) (3) Real earnings: this is an index of

real earnings (not real wages) of employees "attached to the manufacturing,

transportation, and coal-mining industries." See P. H. Douglas, Real Wages
in the United States, 1890-1926 (Pollak Foundation for Economic Research,

1930), p. 468. (4) Money in circulation: this series covers money in circula-
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Chart 20
TREND-CYCLES OF PROCESSES OTHER THAN PRODUCTION

COMPARED WITH STANDARD TREND- CYCLE

-2-

-2

-2

-2

2

1875 1880 1885 1690 1895 1900 1905 1910 1915 1920 1935



242 PRODUCTION TRENDS

impress of the standard trend-cycle is diffused generally

through the economic system; though only a thorough sta-

tistical study of processes other than production could estab-

lish satisfactorily the pervasiveness of the standard trend-

cycle. A serious inquiry into the causes of trend-cycles in

production must await this larger fact-finding study.

There is, however, one set of factors bearing on the causa-

tion of trend-cycles, which our study, restricted though it is

to production data, does bring to light. Chart 21 presents,

at each central decade year, measures of dispersion of the

decade rates of two groups of production series. These mea-

sures of dispersion are 'adjusted' for their downward bias,

and therefore constitute fair indicators of the oscillations in

the divergence of production trends in the total economy.
54

tion outside of the Treasury (including that held by Federal reserve banks

and agents), as of June 30. See Annual Reports of the Secretary of the

Treasury. (5) Monetary stock of gold: this series relates to June 30; it "does

not include gold bullion and foreign coin outside of the vaults of the

Treasury, Federal reserve banks, and Federal reserve agents." See Annual

Reports of the Secretary of the Treasury, particularly the report for 1928. (6)

Business failures: this series covers number of failures of manufacturing and
commercial concerns, but not banks. See Dim's Review. (7) Patents issued:

this series is for total patents issued (patents, designs, and reissues). See

Annual Reports of the Commissioner of Patents.
a* Measures of dispersion of decade rates were calculated at each central

decade year, for several groups of production series. In calculating the

dispersion of the decade rates, it was undesirable to take account of the

full numerical values of the individual items, because these are often

erratic at the ends of the distributions. Therefore, the measure of dis-

persion of the decade rates for a given decade in a given group of series

was computed from the formula: ?, where the D's and

their subscripts refer to decils of decade rates. (These clecils are for the

decade rates proper, and are not to be confused with the decils, described

on pp. 182-3, of the deviations of the decade rates from exponential
curves fitted to them.) This measure is virtually equivalent to the inter-

quartile range, but is apt to be more stable. The dispersion measures for

the 'all* series and basic series groups are given in Appendix A, Table 54.

The measures of dispersion for each group of series showed a downward
drift with the march of time, suggesting that the rates of growth of the

various industries were becoming increasingly similar. This is contrary to



CYCLES IN GROWTH 243

It will be noticed that the cyclical movements of the disper-
sion measures trace out patterns very similar to that of the

standard trend-cycle. This correspondence means that when
the trends of production have on the whole moved steeply

upward, the degree of divergence of production trends has

Chart 21

CYCLES OF DISPERSION OF DECADE RATES OF PRODUCTION
SERIES COMPARED WITH STANDARD TREND- CYCLE

1875 1880 1885 1890 1895 1900 1905 1910 1915 1920 1925

also been high; and that when the trends of production have

on the whole moved only moderately upward, the degree of

divergence of production trends has also been only moderate.

In fine, the degree of divergence of production trends has

varied with the degree of progressiveness of the economy.

expectations, for technical progress and rising standards of living work

incessantly in the direction of increasing the divergence of production trends.

The downward drift is a bias which originates in the fact that the forces

making for retardation in industrial growth tend to act most potently in

the more rapidly growing industries, so that the rates of growth of a vir-

tually fixed list of individual industries tend to become increasingly similar

as the length of period covered increases. It was necessary to adjust the

measures of dispersion for their bias; this was done by expressing the decade-

by-decade dispersion measures of a given group as plus or minus deviations

from a straight line fitted to the dispersion measures by the method of

least squares. These deviations constitute the cycles of dispersion: they are
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The divergence of production trends over periods of some

ten years has a different meaning than over periods of a half-

century or longer: the latter indicates the extent of the actual

transformation in the pattern of national production, the

former indicates partly a real (lasting) transformation in the

pattern of production and partly a disruption of the 'normal'

relationships among industries. A certain degree of trend

divergence is a necessary condition of smooth development
in a progressive economy; for, in such an economy, the ratio

of manufactured products to raw materials will tend to in-

crease, as will the ratio of instrumental equipment to final

consumers' goods, and of Comforts' and 'luxuries' to 'neces-

saries'. In actual experience, however, the degree of diver-

gence of production trends will be generally either more or

less than 'normal'; that is, either more or less than is war-

ranted by changes in the technical relations of commodities

and in consumers' habits; more or less than is necessary for

an uninterrupted rate of development, or an uninterrupted

change in the rate of development, in the general economy.
When during an upward trend-cycle movement the diver-

gence exceeds what is 'normal' for the time, a strain will de-

velop in the economic system; this is likely to lead to a general

plotted in Chart 21 for the 'all* series and basic series groups (for the

exact decade-by-decade composition of these groups, see pp. 180-1, note 8);

the figures corresponding to the chart are given in Table 54.

Cycles of dispersion measures determined for identical lists of series of

the above two categories (see groups a, b, e, and /, in Table 46) showed

practically the same type of fluctuation as the groups in Chart 21. On the

other hand, cycles of dispersion measures for nonagricultural groups of

series (see groups c, d, g,' and h, in Table 46, and the nonagricultural

groups noted on pp. 180-1, note 8) departed considerably from the standard

trend-cycle. This fact is important: in the first place, it renders suspect
the easy interpretation that the similarity of the cycles in the dispersion
measures (plotted in Chart 21) to the standard trend-cycle emanates from
the mere circumstance that dispersions are apt to be closely correlated with

averages; in the second place, it lends support to the a priori expectation
that, if divergence of production trends is a causal factor in trend-cycle
movements, it must be the divergence of the trends of all industries rather

than of nonagricultural industries alone.
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crisis and to a curtailment in the rate of development of the

system. The unique correspondence, then, between relatively

sharp divergence of production trends and an upward trend-

cycle movement in industry suggests that one of the factors

serving to terminate an upward trend-cycle movement is a

partial loss of industrial balance that develops during the

upward movement.

When the divergence of production trends falls below

what is 'normal* for the time, it might of itself indicate either

increasing strain in the system or increasing approach to in-

dustrial relationships 'normal' for that time. But when the

divergence of production trends falls to a 'subnormal' level

during a downward trend-cycle movement, it is practically

certain to be symptomatic of increasing readjustment; for the

'subnormal' degree of divergence will then derive mainly
from the sharp curtailment in the rates of development of

those industries which had grown at a disproportionately

rapid rate during the upward trend-cycle movement. Al-

though the divergence of production trends is invariably lower

during a downward than during an upward trend-cycle move-

ment, it may yet, for all that we know, remain above 'normal'

for some time. This may express either a very rapid readjust-

ment of industrial trends or an increasing strain in the indus-

trial system, depending on the particular relative positions
of the individual trends; but if the latter be the condition, it

cannot continue indefinitely, and with the passage of years, a

realignment of industrial rates of growth favorable to the

inception of a 'new era' is virtually bound to emerge. The

unique correspondence, then, between relatively mild diver-

gence of production trends and a downward trend-cycle move-

ment suggests that a restoration of industrial balance develops

during the downward movement, which creates conditions

favorable to (or permissive of) the initiation of a new upward
movement,
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This is the sum of light which our data throw definitely

on the causation of trend-cycles in production. The corre-

spondence between the trend-cycles of several non-produc-
tion series and the standard trend-cycle (Chart 20) suggests,

of course, other hypotheses, such as that trend-cycles in mone-

tary supply and in prices generate the trend-cycle in produc-

tion, or that trend-cycles in technical progress (the series

'patents issued' probably serves well enough as an index of

technical progress, in decade comparisons) generate trend-

cycles in production. However, statistical correlations cannot

lend to such theories any sort of real support; for the correla-

tions might also be plausibly interpreted as indicating that

trend-cycles in production generate trend-cycles in prices and

in technical progress. Furthermore, any linear theory of trend-

cycles in production is likely to be faulty: the connections

between economic processes are seldom of the nature of

mechanical sequences, and, if it be true that the standard trend-

cycle is diffused through the entire economic system, it is un-

likely that there is an independent rhythm in some one part
of the system, which causes a rhythm in the entire economy. In

analyzing the relation between variations in the degree of

divergence of production trends and trend-cycles in produc-

tion, we have called attention to but one factor in the causation

of trend-cycles in production; but it is worth noting that this

factor implies an organic relation among industrial trends,

and does not presuppose any linear chain of causation.

We may reasonably expect that when the study of trend-

cycles is extended to economic processes other than produc-
tion, it will become possible to describe with some exactness

the mechanism of the trend-cycle process. To go any further

now than we already have would be to excogitate hypotheses

unlikely to carry conviction to any discerning inquirer.

Nevertheless, one partial hypothesisas yet an intuitive con-

jecture and no moremay be ventured. The partial hypothe-
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sis is that accidental forces play a large role in trend-cycle

movements. In formal terms, an upward trend-cycle move-

ment is likely to he initiated, provided industrial relation-

ships are favorable, by a single accidental cause operating in

the same direction over a number of years (such as a continu-

ing increase in the quantity of gold or a persisting shortage

in construction), or by numerous independent accidents

cumulating in the same direction over a number of years;

and a downward trend-cycle movement is likely to be pro-

longed by random factors. In the light of what has previously

been stated, this partial hypothesis implies that there might
be a plateau of some duration between one trend-cycle and

the next. These closing observations are, it is necessary to

insist, entirely unsupported; the main, if not the sole, con-

tribution of this chapter lies in the problem which it poses.

VI. RELATION OF TRKND-CYCLES TO
BUSINESS DEPRESSIONS

'Business cycles' are closer to direct experience than trend-

cycles; that is the primary reason why business cycles are so

generally recognized, while trend-cycles have not as yet won,

and rightly so in view of their restricted study, common ac-

ceptation. But it appears that business cycles are short-term

waves in national economic life which are superimposed on

the long-term waves that we have designated as trend-cy-

cles.
55 These two types of cyclical movement are not inde-

pendent of each other. The preceding study of the relation

between trend-cycles and divergence of production trends

ss As the study of economic fluctuations progresses, our cyclical termi-

nology will have to be altered. 'Trend-cycles' and 'business cycles' are equally

cycles in business; so are 'seasonal cycles' in economic activities, for they
tend to synchronize roughly within such broad industrial groups as manu-

facturing and distribution (see S. Kuznets, Seasonal Variations in Industry
and Trade, National Bureau of Economic Research, 1933, Ch. IX).
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enables us to trace tentatively one important connection

between them.

We have seen that a sharp divergence of production trends

develops during an upward trend-cycle movement, and have

argued that the disparity in production trends sows the seeds

of a reversal in the trend-cycle movement. Although the

process of reversal cannot as yet be described, one symptom
of the process of reversal may be suggested. Is it not likely

that, once an upward trend-cycle movement has continued

for some time, the strain and loss of industrial balance will

culminate in a general economic crisis serving to terminate

the upward movement? In one form or another, this hypothe-
sis is a very old one. It has frequently been argued that the

severity of a business depression is correlated with the in-

tensity of the period of expansion preceding it, though refer-

ence is generally had to the preceding upward phase of the

business cycle rather than to secular movements. Another

common theory is that the degree of severity of a business

depression is associated with the divergence in the rates of

advance in production during the preceding period; though
here again, reference is generally had to the divergence of

cyclical rather than secular rates of expansion. The hypothe-
sis relating business depressions to trend-cycles cannot be

attacked very confidently with the statistical tools of the

present study, for these were forged mainly with a view to

other purposes. Still, the decade rates furnish an instructive

tentative approach to the problem.
The first peak in the standard trend-cycle and in the cycle

of divergence in production trends comes in the decade

1875-85. In April 1882, a severe business depression set in,

which lasted through May 1885. The depression occurred

towards the end of the decade during which the standard

trend-cycle and the cycle in the dispersion of the decade rates

reached a peak. But the rates of production growth and their



CYCLES IN GROWTH 249

dispersion would not differ very much for a period of some

eight to ten years immediately antedating the depression.

This is to be expected from the fact that the cyclical factor

was corrected for in the computation of the decade rates; and

the expectation is confirmed by the charts of the individual

production series. The statistical record in the present case

is therefore roughly consistent with the hypothesis that the

severity of business depressions is connected with the magni-
tude of the preceding secular advance in general production
and the divergence in the rates of secular advance of indi-

vidual industries. %

The second peak in the standard trend-cycle of production
and ip the cycle of divergence in production trends comes in

the decade 1895-1905. This decade experienced extraordi-

narily rapid and almost uninterrupted growth. The annual

charts for the more important nonagricultural series show

virtually a continuous rise from 1896 to 1907. The setbacks

in 1900 and 1903-04 are almost imperceptible in annual

production data, and are of a quite different order of magni-
tude from the decline during the depression of 1907-08.

Though this depression was of rather brief duration, run*

ning over some thirteen months from June 1907 through

June 1908, it was of very considerable depth. Again, the

statistical record confirms the hypothesis that a severe de-

pression tends to follow a period during which the secular

trends of production move sharply upward while the diver-

gence in the rates of expansion is exceptionally large. It may
reasonably be stated, and with even greater assurance for the

present than for the previous case, that a plausible change
in the time location or duration of the period for which rates

of industrial growth might be studied in relation to the

crisis of 1907-08 could not alter to any appreciable extent

the general results.

The next peak in the standard trend-cycle comes in the
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decade 1910-20. The peak for this period is not quite so

significant as for other periods, since a considerable number
of individual industries, especially those connected with con-

struction, registered troughs. A more important characteris-

tic of this period is the considerable diversity in the rates of

industrial expansion a natural consequence of the shifts in

the economy from a peace to a war basis. The dispersion of

the rates of production growth was probably greater than

Chart 2 1 suggests. For the present purpose it suffices to state

that the statistical evidence again satisfies our hypothesis; for

this decade terminated with a crisis of extraordinary severity,

the downturn lasting from February 1920 to September 1921.

The following and final peak in the standard trend-cycle

and in the cycle of the dispersion in the rates of secular

expansion comes in 1920-29. This is not an anomaly, as the

trend-cycle observations relate to overlapping decades.

Though we cannot be certain that a peak actually occurs in

1920-29, the statistics of production since 1925 suggest

strongly that the level of the standard trend-cycle for the

central decade year 1930 will compare unfavorably with that

for the central decade year 1925. The peak of the cycle in

divergence of production trends is not very impressive for

the last decade; but the statistical series analyzed, being vir-

tually fixed in number, have a smaller area of direct produc-
tion reference for this period than for any other, and it is

therefore likely that they are least representative for this

period. It is a matter of common knowledge that differences

in rates of industrial growth were very considerable during
the last decade. Some industries of large magnitude, such as

automobiles, rayon, radios, and electrical household devices,

grew at excitingly rapid rates; other industries, such as men's

clothing, sole leather, boots and shoes, certain knit goods,

and certain lumber manufactures, experienced little growth
or actual decline; but none of these are included among the
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statistical records we have analyzed. It is highly probable,

then, that the divergence of production trends during 1920-

29 was much greater in fact than our long-term series sug-

gest. This decade of rapid advance in production and curious

contrasts in rates of expansion came to a close with what is,

if the rough statistical indicators available are to be trusted,

the severest depression in the history of the nation. Begin-

ning in July 1929, the contraction in business has continued

relentlessly; and although since April of this year (1933) the

curve of business has shown signs of vigorous revival, it is not

certain that the trough of the depression has been reached

even yet. Apparently, our hypothesis is borne out also by the

experience of the last decade.

There are only two severe depressions since 1870 which

have not been reviewed, those of 1873-79 and 1893-94. The
first does not admit of a test of our hypothesis, since this

study does not go back far enough. As for the depression of

1893-94, it was preceded neither by a trend-cycle expansion
nor by very marked divergence of production trends. Not

every severe depression, then, has an upward trend-cycle

movement as an antecedent. Many other factors may con-

duce to this result; the severity of the depression of 1893-94

being traceable to the intense uncertainty of the business

community, both here and abroad, concerning the stability

of our monetary system. We may therefore conclude from

our analysis of American experience since 1870: first, that

periods of sharp advance in the trend of general production,
which are characterized invariably by considerable diver-

gence in production trends, have been followed invariably by
severe business depressions; second, that most of the business

depressions of marked severity have been preceded by a sharp
advance in the trend of general production and considerable

divergence in the trends of individual industries.

We must, however, recognize fully the tentative nature of
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this conclusion. The analysis is based on a limited range of

historical experience; the hypothesis should therefore be

checked by data for earlier years, and what is even more

important, by data for recent decades of other highly indus-

trialized countries. Moreover, the statistical instruments

which we have used in attempting to verify the hypothesis
are extremely crude. The dating of cyclical depressions

should determine the periods to be analyzed, rather than the

reverse which has been our procedure. The proper length of

the periods for which rates of growth in production are to

be studied is a nice question; but it cannot be handled ade-

quately by an arbitrary and non-experimental method. And
for more recent decades much fuller materials are available

than we have used, our list of series having been determined

by their availability over a rather long period. Nevertheless,

the consilience of such statistical records as we have exam-

ined and of theoretical expectations is sufficiently close to

warrant more attention to the relation between production
trends and business depressions than has been possible in

the present work.



Chapter VI

THE GROWTH OF TOTAL
PRODUCTION

OUR national industry has experienced a continual trans-

formation in its pattern since the Civil War. Yet, the change
in pattern has been marked by a fair degree of order and

regularity: individual industries have grown at widely un-

equal rates, but their rates of advance have generally de-

clined with their age; retardation in the growth of individual

industries has not been continuous, but the fluctuations in

the rates of industrial growth have been synchronous in con-

siderable degree; periods of exceptionally rapid advance and

rapid change in the pattern of production have been termi-

nated by general crises, but the sequence itself has been

regular. The vast changes in the pattern of production have

accompanied and in very large part have expressed the same

forces as the astonishing increase in the size of total produc-
tion.

The preceding chapters contain considerable information

bearing on the size of total production, but that information

lacks compactness. It remains in this final chapter to con-

sider systematically the quantitative increase in the physical

volume of total production. In an age dominated by the idea

of material progress, this is the most important question that

economic history can consider. Our present concern will be

with the rate of advance of the secular trend of total produc-

tion, especially with the degree of regularity of that advance.

While the preceding analysis of the elements of order in the
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secular changes in the pattern of production resolved itself

into a study of the common characteristics of the production
trends of individual industries, the present analysis of ele-

ments of order in the secular trend of total production
will constitute a study of the elements of regularity in the

single trend of total production.

I. MEASUREMENT OF TOTAL PRODUCTION
Measurements of changes in the physical volume of total

production have only recently been attempted; but a fair

number of indexes of production are already available, some

of them going far back into the past. These long-range in-

dexes are the data for our immediate inquiry. Before putting
the indexes to specific use, it is necessary, however, to under-

stand their logical basis and to grasp their shortcomings

firmly.
1

The 'production* of any industry ,is measured by the valu-

able utilities which the industry adds to the materials and

supplies that it works up, that is, by the 'net value product'
of the industry. Correspondingly, the total production of an

economy is given by the sum of the net value products of its

industries. But the individual goods to which valuable utili-

ties have been added have a physical side; and, just as in the

case of individual goods we obtain measurements of such of

their distinguishable physical characteristics as are of eco-

nomic interest, so in the case of the ensemble of goods we

may seek a measure or index of the physical quantity of the

ensemble. The available measurements of the physical vol-

ume of production of individual goods are expressed in

iThis section is in some ways a continuation of section I of Chapter I.

In the present section, the consideration of defects in production indexes

is confined to indexes of the total movement of production, running over

a long period. The same defects characterize also indexes of total move-
ment running over a short period, and indexes of 'cycles' in production-

irrespective of the length of period they may cover; but other considera-

tions are more important in such indexes.
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divers physical units, since statistical agencies ordinarily fol-

low the usages of commerce. In practice, therefore, the prob-
lem of devising a measure of changes in the physical volume

of total production is a problem in making the right combi-

nation of the divers measurements for the individual goods.

Some makeshift is obviously necessary, and the most plau-

sible is to proceed on the assumption that the 'net value

product' per unit of output is constant over time for all

individual goods. These constants may be obtained from the

statistical records of any single year or series of years, and

they will vary, of course, from good to good. We may, now,

for each year considered, multiply the datum of the physical

volume of production of each good by its respective 'net

value product' constant, and summate these products for all

goods. We will obtain in this way an annual series of dollar

sums, which we may regard as an index series of changes in

the physical volume of total production.
It is difficult, however, to state in words the exact mean-

ing of these measurements. Unlike measurements of the

physical volume of production of individual goods, our in-

dexes of the physical volume of total production no longer

express the number of units of some one physical attribute;

they state, at best, something hypothetical viz., what total

production (in the sense of economic theory) would have

been in each of a series of successive years, if the net value

product per unit of output of the actually experienced

'physical' production of each good had remained constant

throughout the period. But this statement requires elabora-

tion. When we reduce the net value products of individual

goods to constants and allow their physical volumes of pro-

duction to vary, we obtain, in a sense, measurements of total

production corrected for changes in net value products; but

this is not equivalent to saying that the net value products
do not enter into the indexes of the physical volume of pro-
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duction, for our 'net value product' constants are restricted

to some one year (or series of years), and if we changed the

year (or series of years) we would obtain a different set of

constants and therefore a different set of index numbers. 2

All that we can be certain of, then, is that our dollar sum for

the year (or series of years) yielding the constants is an accu-

rate measure of the total production (in the sense of eco-

nomic theory) for that year (or series of years taken as a

unit), and that our dollar sums for all other years (in case

a series of years yield the constants, also for the individual

years of the series) measure neither the total production nor

the purely physical aspect of total production. It follows that

any so-called index series of the physical volume of produc-
tion in a changing economic system is inherently ambiguous,

quite apart from the limitations of the data on which it must

in practice be based; and that the ambiguity is apt to in-

crease with the length of the period covered by the index.8

Economic statisticians construct and make extensive use of

production indexes, in spite of the fact that their meaning
is nebulous in large part and must always remain so in our

changing economy. The reason is, perhaps, that economists

are most frequently concerned with the utilities which the

economic system creates; and, since value measurements re-

flect the volatility of prices, they seek measurements of pro-

duction which will be free from the price factor, and which

may, therefore, bear a closer correspondence to the volume

of created utilities than do the value measurements. 4 So im-

2 Moreover, in the case of an economy which is continually gaining in

new products, it is impossible to obtain a set of 'net value product* con-

stants relating to the same period for all goods. And, as a matter of fact,

the procedure of taking weights as of a fixed date or period is not obvious,

except as a piece of arithmetic or verbal convenience.
* For a fuller discussion, see the writer's "The Measurement of the Physical

Volume of Production," Quarterly Journal of Economics, February, 1930.
4 See, however, pp. 8-9, note 2. A theoretical alternative to the procedure

described of constructing a measure of changes in the physical volume of

total production is to calculate the man-hours of labor expended on 'pro-
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portant are the questions which production indexes could

answer, were they free from ambiguity, that investigators

have ignored the ambiguity and have set about deliberately

"to do as logically as possible the illogical/'
5 The effective-

ness of their labors has been restricted by the quantitative
and qualitative shortcomings of the data which are readily

available. Next to ambiguity, the principal defect of produc-
tion indexes is the inadequacy of their composition.
There is an effective statistical method of indicating the

nature of the bias that, as a result of the inadequacies of the

available data, is likely to be found in a production index

covering a long period. In the course of this investigation, a

detailed study was made of the decade-by-decade frequency
distributions of the decade rates of the eight fixed groups of

production series listed in Appendix A, Table 46, with a

view (among other purposes) to testing the representative-

ness of these series for the purpose of constructing an index

of the physical volume of total production. The distributions

showed, first, a rapid secular shift to ever lower positions on

the scale of growth, second, a secular decline in their disper-

sions, third, a secular decline in their 'positive* skewness the

later distributions generally showing 'negative* skewness.

For a rapidly progressive national economy, however, one

would expect to find generally increasing dispersion and per-

sistently high positive skewness in frequency distributions of

decade rates, and only moderate decline, if any, in the rate

of growth of total production. If our series constituted a

representative sample of the production universe, the distri-

duced' goods; this is the only physical attribute of 'produced' goods, which
admits of their general commensuration (see p. 50, note i). But this

method of measuring the physical volume of production is shunned because

it is deemed to understate the volume of utilities created in a progressive
industrial economy.

5 F. G. Perry and A. G. Silverman, "A New Index of the Physical Volume
of Canadian Business," Journal of the American Statistical Association,

June, 1929, p. 127.
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butions of their decade rates could not depart so widely from

reasonable expectations. The nature of the departures indi-

cates that these series are likely to understate the growth in

the 'actual' volume of total production.
A critical examination of the statistical composition of a

'typical' long-term index of the physical volume of total pro-

duction will lead to the same conclusion.6
Ordinarily, the

index covers material goods only, and though it occasionally

includes transportation and trade, it never covers 'services'

in the narrow sense of that term; the census of occupations

suggests, however, that the latter have grown more rapidly

than the production of material goods. The index is based

on a fixed, or virtually fixed, list of production series; this is

equivalent to saying that the index becomes progressively

anachronistic,
7 for the new industries which are not covered

are generally in the vanguard of industrial advance. It in-

cludes a goodly number of industrial consumption series and,

occasionally, some equipment series; but our growing tech-

nology has made generally for more effective conversion of

raw materials into finished products and for more effective

utilization of equipment. It does not, ordinarily, take account

of 'secondary' production; but such production has been

growing at a more rapid rate than 'primary' production. It

gives inadequate representation to such by-products as con-

stitute additions to the production of old commodities, al-

though such by-products are of increasing importance. And

s
Qualifications would have to be made if the following description were

applied to any specific index. It is not feasible to enter here on a com-

parison of the various indexes.

7 Statistical data bearing on this point will be found in A Graphic Analysis

of the Census of Manufactures, 1849 to 79/9 (National Industrial Confer-

ence Board, 1923), pp. 171-3; F. C. Mills, Economic Tendencies in the United
States (National Bureau of Economic Research, 1932), pp. 39-43, 198-201,

307-10; A. R. Eckler, cited above, p. 86. Some statistical data bearing on
the other points are given in Ch. IV, sec. Ill, 2-3. Concerning the growth
bias of individual production series, see pp. 25-7, and Appendix C, I.
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it makes no allowance for variations in quality, while im-

provements in quality have been, as a matter of fact, almost

universal in raw materials, and also very extensive in manu-

facturesas in steel, rayon, automobiles, agricultural ma-

chinery, radios, and electric appliances. All of these inade-

quacies of the data entering into a 'typical' production index

tend to make for a downward growth bias. Other inadequacies
work in the opposite direction. The index never includes

industries which vanished at some point, and ordinarily

does not include decadent industries which have lingered

on. Also, the index ordinarily includes a few series with an

upward growth bias arising out of some peculiarity in their

statistical constitution. These factors making for an upward
growth bias are obviously less important than those mak-

ing for a downward bias; the statistical constitution of a

'typical' index is, therefore, such as to tend to understate the

physical volume of total production.
The third defect of long-range production indexes derives

from the type of formula employed in combining the dif-

ferent goods into an index number series. The various com-

modities and services cannot be aggregated directly since they
are expressed in different units and are of unequal industrial

importance. But they may be aggregated once weights are

assigned which serve to commensurate, and express the im-

portance of, the various outputs. The mathematical formula

which describes this kind of arithmetic operation is the

'weighted aggregate'. This formula alone is logically ade-

quate; for an index of production is conceptually an aggre-

gate of the outputs of different goods, and not some sort of

an average of their movements. Most of the existing long-

range indexes of production are formally defective, since they

are not weighted aggregates. They need not, however, be any
worse in practice on this account; for the quality of the data

and weights is generally more important than the arithmetic
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method of their combination. Yet, there is one formula

which must render suspect any production index embodying
it that is, the unweighted arithmetic mean of fixed base

relatives. Snyder's index of 49 series with 1910-14 as base is

of this type and will serve as an example. If this index were

a reliable indicator of the trend of total production, it might
be expected that the omission of one or two minor series

would not alter its complexion appreciably. But, as a matter

of fact, when quicksilver production and New York canals

traffic are excluded from the index, its level in the period

1870-80 is reduced by something like 20 per cent, its level

in later years but prior to the base period is reduced by a

declining percentage, and its level in years subsequent to the

base period is raised.8 The explanation is that prior to the

base period the relatives of progressive series could vary only

from zero to 100, while the relatives of retrogressive series,

the two excluded being of this type, could vary freely be-

tween 100 and any higher figure; and that subsequent to the

base period, the restrictions on the movements of the rela-

tives of progressive and retrogressive series are reversed.

The defects in long-range production indexes are not

peculiar to them alone, but they are probably more serious

than in the more familiar long-range indexes of prices. Since

monetary factors exercise an influence on all prices, acting as

a common brake on their movements, an average of a reason-

ably large number of commodities is likely to disclose fairly

accurately the influence of the common monetary factors.

But there is no single dominant force acting pervasively on

the production trends of industries; their movements are

s It .should be noted that Mr. Snyder has recently replaced this index by a

long-term weighted index (see pp. 200-1); and that he has recently constructed,

for the period since 1919, an exceptionally elaborate and, in every way, im-

proved index. Few statisticians have been as courageous as he in pioneering
efforts, as critical of their own work, and as willing to place at the disposal
of others the results of their researches.
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therefore more heterogeneous, the problem of sampling for

an index number is more baffling, and the problem of com-

bining individual elements into index form more exacting.

The differential homogeneity of price and production trends

bears strongly on the technique of weighting. When price
data are available for only a few commodities falling in a

group, it may perhaps be assumed with some plausibility that

the prices of unrepresented commodities have moved sym-

pathetically with those included, but not so in the case of

production data, especially when the groups embrace com-

peting commodities. This is but another way of indicating
how intricate is the problem of sampling for a long-range

production index.9

* The series analyzed in this study are more numerous and some of them

are, perhaps, also of better quality than those entering into the various

long-term production indexes. Nevertheless, the series fall so far short of

satisfactory standards of quantity and quality that a new index derived

from them would in all likelihood merely add to a growing list of defective

indexes. A substantial improvement over any of the existing indexes might

possibly be effected if a painstaking study were made of the various dis-

continuous quantity series scattered through census reports and trade

journals, of the extensive data on the pecuniary volume of production
contained in the census reports, and of the economic histories of individual

industries recorded in countless periodicals and monographs. In this way,

many of the gaps in the continuous record of physical output might be
filled. With unstinted experimentation, the various data might then be
welded together into an index number series inspiring more confidence

as an indicator of the trend of the physical volume of total production
than any index now available; but any index of production, no matter
how ably constructed, can be even roughly true for periods of only inter-

mediate duration, say, no more than twenty years, in a rapidly changing
economy such as ours so that a long index series will best be presented
on a shifting base, if misinterpretation is to be minimized. One of the

most important questions which would have to be analyzed in the course

of a study aiming at improved measurements of changes in total physical

production is the degree to which the available data are representative of

total production. A partial answer to this question might be obtained by
using some such method as we have used to test the representativeness of

our series for the purpose of constructing a production index, the method

being just as applicable to a variable as to a fixed number of series, though
the method yields only a negative test: we can be reasonably certain that a

sample is poor when distributions of rates of growth fail to conform to

such a priori expectations as we have set forth, but we cannot be at all



262 PRODUCTION TRENDS

II. AVERAGE RATE OF INDUSTRIAL GROWTH
Strict logic is a stern master, and if one respected it, one

would never construct or use any production index. 10 Never-

theless, such questions as: How much better off are we now
than formerly? How rapid has been our rate of material ad-

vance? Has there been any decline in the rate of increase of

total physical production? press insistently and cannot be

dismissed. If we proceed with caution, something may pos-

sibly be learned from such materials as we have. We shall

consider in this section the long-term average rate of indus-

trial growth of the nation, and in the next section the changes

in the rate of growth. The evidence of indexes of certain

major industrial groups will serve to introduce and give

content to the evidence of the indexes of total physical pro-

duction.

The most pertinent data bearing on the average rate of

industrial growth since 1870 are summarized in Table 41."

certain that the sample is satisfactory when the distributions conform to

the expectations. A comprehensive study of the kind suggested is a statis-

tical enterprise outside the practical scope of this investigation.
*<> But the same strict logic would forbid also the use of most individual

production series, since practically every series is, in miniature, an 'index',

and a 'bad* index at that, of physical volume: when commodities are not

of uniform quality, which is the case generally, physical volume series-

such as bushels ot wheat produced, number of locomotives, tons of bi-

tuminous coal may be described as index numbers of the unweighted
aggregate type (see Ch. I, sec. I). Yet, it is ironic that economic history
and statistics can never report satisfactorily how much the total goods

production, in a non-pecuniary sense, of any one time or place exceeds or

is exceeded by that of another time or place.
11 For method of computing the average rates of growth, see pp. 50-1.

In the case of population, lumber, and Snyder's index of trade, these sev-

eral series being discontinuous, the method is the same except that the

decade rates do not refer to overlapping periods. In the case of population,
the datum used for 1870 is the figure corrected by the Census Bureau for

the undercount in that year.
The several indexes referred to as the Day-Persons indexes were con-

structed by E. E. Day, W. M. Persons, and others. See W. M. Persons, Fore-

casting Business Cycles (John Wiley, 1931), Ch. XI, and the references there
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Table 41

RATES OF GROWTH SHOWN BY POPULATION AND INDEXES OF

PRODUCTION

. Average
Penod

annual rate
Index covered

by index
of growth

(per cent)

POPULATION 1870-1930 1 .9

CROPS

Day-Persons 1870-1930 2.3

Snyder 1870-1930 2.2

Timoshenko 1870-1927 24
Warren-Pearson 1870-1930 2.5

FISHERIES

Fish, total 1880-1929 0.9

FORESTRY

Lumber 1869-1929 1.8

MINING

Day-Persons 1870-1930 5.7

Snyder 1870-1930 5.7

Warren-Pearson 1870-1930 5.7

MANUFACTURES

Day-Persons 1870-1930 4.3

CONSTRUCTION

Building permits 1874-1929 4.2

TRADE

Deflated clearings 1870-1929 5.2

Railway freight 1882-1929 4.3

Snyder 1870-1930 4.7

TOTAL PRODUCTION

Day-Persons 1870-1930 3.7

Warren-Pearson 1870-1930 3.8

cited. The composite of the separate indexes of crops, minerals, and manu-
factures is described by Dr. Persons as an index of 'total production*. The
several indexes referred to as the Warren-Pearson indexes are given in
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The table states the average rate of growth in population, in

the physical production of several major groups of industries

(as indicated by the best of the available indexes, a few of

the series earlier analyzed being now used as 'indexes'), and

in total physical production (as indicated by the best of the

available indexes). The most obtrusive fact disclosed by the

table is that population has grown at a lower rate than the

production of any of the industrial divisions except the fish-

eries and forestry. The considerable excess in the rate of

growth of the indexes of the physical volume of total produc-
tion over the rate of growth of population means that there

has been a considerable increase in per-capita production.
The progress of agriculture is recorded by several indexes

which are restricted to crops and do not include animal

husbandry. The indexes of crop production agree rather

well: they indicate an average rate of advance of something
like 2.3 per cent per annum. There is considerable evidence,

however, that the rate of growth of agriculture has been

more rapid. The indications are that the production of truck

crops, fruits and vegetables, dairy products, and poultry

products has expanded, at least in recent years, at a more

rapid rate than other agricultural commodities; but these

several groups are either not represented at all, or else inade-

Warren and Pearson, The Physical Volume of Production, cited above,

pp. 8-10. The indexes here used are those designated by the authors as

'total crop production', 'all minerals and water power', and 'total basic

production, variable group weights, weighted by value plus value added

by manufacture'; they are referred to in this work as indexes of crops, min-

ing, and total production, respectively. Snyder's index of crop production

(index 'A' in Chart 12B) is given in his Business Cycles, cited above, p. 237;

figures for recent years have been furnished by Mr. Snyder. Timoshenko's
index of crop production is given in his Role of Agricultural Fluctuations

in the Business Cycle (Michigan Business Studies, Vol. II, No. 9), pp. 70-1.
The figures of Snyder's index of mineral production are given in Warren
and Pearson, cited above, p. 64; this index is described by Mr. Snyder as

an index relating to the production of 'minerals and metals'. The remain-

ing 'indexes' in Table 41 are series earlier used; for data and sources, see

Appendix A, Table 44, and Appendix B.
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quately, in the long-range indexes of crop production.
12 The

Warren-Pearson index is unique in that it does include a

considerable number of truck crops and fruits; and this is

reflected in its having a somewhat steeper trend than the

other long-range crop indexes. It is significant that a rather

comprehensive index of agricultural production, constructed

by the Department of Agriculture for the period since 1919,

shows a higher rate of growth during 1919-30 than any of

the long-term crop indexes. 13

12 The annual percentage rates of increase of the components of the index

of the 'volume of net agricultural production', constructed by the Depart-
ment of Agriculture for the period since 1919 (Yearbook of Agriculture,

1931, p. 974), are as follows for the period 1919-30: grains, -1.5; fruits and

vegetables, 2.2; truck crops, 5.9; meat animals, 0.9; dairy products, 4.0;

poultry products, 3.0; cotton and cottonseed, 3.6. (See note 13.) It seems

that, at least since the turn of the century, the output of animal products
has increased at an average rate more rapid than that of the output of

crops. Certain preliminary indexes, made available to the writer by Dr.

Baker of the Department of Agriculture, show an average annual rate of

increase during 1897-1930 of 1.6 per cent in the production of 'animal

products', but only 1.3 per cent in 'plant foodstuffs' and i.o per cent in

'industrial crops'. If the production of all animal products has actually
increased more than the production of all crops, that is probably due

largely to the rapid growth in milk production; for, 'total' meat and lard

production (according to data in Statistics of Meat Production, cfted above)

experienced an annual rate of increase of 1.2 per cent during 1900-30, which
is about the same as that shown by the indexes of crop production during
1900-30 (the Day-Persons index of crops, 1.1 per cent; Snyder's index, 1.2

per cent; the Warren-Pearson index, 1.2 per cent).
13 For the period 1919-30, the index of the Department of Agriculture

(see note 12) shows an annual rate of increase of 1.8 per cent; but the

several crop indexes show very much lower annual rates of advance: the

Day-Persons index o.i per cent, Snyder's index o.i per cent, and the Warren-
Pearson index 0.6 per cent. (These several indexes, including that of the

Department of Agriculture, are based on unrevised data of crop produc-
tion; that is to say, they do not take account of the revisions for the period

1919-28, which are reported for major crops in the Yearbooks of Agricul-
ture of 1932 and 1933. The revisions for minor crops are as yet uncompleted;
but it now seems reasonably certain that if the several indexes were to be

recomputed on the basis of the fully revised data, all of them would show
a somewhat lower rate of increase, and the discrepancy between the index
of the Department of Agriculture and the other indexes would be greater
than it now is.) Mr. Snyder is fully aware of the limitations of his index of

crops. In a communication to the writer, he makes the interesting comment
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The rate of growth of the mining industry has been con-

siderably greater than that of agriculture. The three indexes

of mining agree in showing an annual rate of growth of 5.7

per cent during the period 1870-1930 taken as a whole; but

the averages conceal the higher rate of advance of the Day-
Persons and Snyder indexes prior to about 1900 and the

higher rate of advance of the Warren-Pearson index subse-

quent to that date. The Day-Persons index probably gives a

somewhat better indication of the growth of mining than do

the others. 14 To be sure, this index falls short of a compre-
hensive coverage of mining: it does not include the produc-
tion of sulphur, phosphate rock, gypsum, fluorspar, asphalt,

and several other minerals of secondary importance, which

have had, for the period since 1870 taken as a whole, an up-
ward trend more rapid than that of the index; but it also

does not include the production of mercury, whose trend

has been downward, or of salt and several other minerals of

secondary importance, whose trend has been upward though
at a rate less rapid than that of the index. Taking the Bureau

of Mines estimates of the Value of mineral products' as a

base for comparison, the component series of the Day-Persons
index account for as much as 80 per cent or more of total

that when he took all the crop data available, the index for 1930 showed
a slight advance over 1929, while his index of principal crops (the one used

in Table 41) showed a considerable decline.

n The Day-Persons index has a greater coverage than Snyder
f

s index, but

a smaller coverage than the Warren-Pearson index. The larger coverage of

the latter index arises mainly from its inclusion of secondary production of

metals, natural-gas gasoline, electricity from water power, and water power
other than electric, along with the minerals. The Day-Persons index comes
closest to being strictly an index of mining, but even this index prior to

1909 is not confined to mineral series: the encroachment of the Warren-
Pearson index on other areas has just been stated; in Snyder's list are found
steel (in addition to pig iron) and aluminum (see p. 11, note 5); the Day-
Persons list includes coke prior to 1909 (also, pig iron, though this is re-

placed by iron ore in 1909). It must be repeated, however, (see p. 264,

note) that the Warren-Pearson and Snyder indexes, discussed in this

chapter as indexes of 'mining', are described by their authors as indexes

respectively of 'all minerals and water power* and 'minerals and metals'.
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mineral production during most of the period considered. 15

The relative coverage of the index tended to decline for

some time, but the inclusion of additional series in 1909
and in subsequent years raised the coverage. The slight de-

cline in the coverage prior to 1909 suggests that the index

probably understates somewhat the progress of the mining

industry. However, since the coverage of the index has been

very large throughout, the understatement, if there be any,

is probably small.

Turning to manufactures, we encounter an industry whose

'physical' growth defies anything but the roughest measure-

ment, so great is its variety of products and so changeable
their form. The Day-Persons index, the only continuous in-

dex of manufactures covering the period since 1870, shows a

rate of advance of 4.3 per cent per annum; but there are

cogent reasons for regarding this as an understatement of the

growth actually experienced. The previous analysis of the

factors making for a downward growth bias in a 'typical'

index of the physical volume of total production applies with

almost full force to the Day-Persons index of manufactures.

Moreover, if manufacture is defined, as is customary, to cover

factory production alone, then, the index does not reflect

even moderately the transfer of elaborative activities from

the home and farm to the factory; for its coverage is re-

stricted in large part to the initial stages of fabrication. For

recent decades, some statistical evidence can be added to this

general statement. Professor Mills' index of manufactures

based on from 35 to 62 industries shows an annual rate of

increase of 3.9 per cent during 1899-1929, while his index

based on an adjustment for the incomplete and variable

coverage of the first index shows a rate of increase of 4.2 per

i-
r The coverage is 83 per cent for 1880, 83 per cent for 1890, 80 per cent

for 1900, and 76 per cent for 1908. After this date, new commodities are

included: the coverage rises to 83 per cent for 1910, 89 per cent for 1920, and
85 per cent for 1929.
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cent. The Day-Persons index, however, shows a rate of in-

crease of only 3.8 per cent for the same period.
16

With all their imperfections, the indexes of production of

the three great divisions of commodity production, just re-

viewed, probably suffice to indicate the lower limits of the

average year-by-year progress. There is little that can be said

concerning the other industrial divisions. The series of total

fish catch should record with fair accuracy the progress of

the fisheries industry, and the discontinuous series of lumber

production the progress of the forestry industry. Some indi-

cation of the progress of the construction industry, viewing
it as distinct from manufactures, is given by the series of

building permits; but the statistical basis of this series is so

slender that an average calculated from it can have only

slight significance. The progress of trade may be guessed at

through the indications given by Snyder's index of trade,

the series of deflated clearings, and the series of railway

freight. In the case of transportation and the host of service

industries, numerical definiteness concerning the average
rate of progress is almost out of the question.

All in all, this survey of group indexes indicates, more

concretely perhaps than the analysis of the preceding section,

how slender is the quantitative basis of indexes of the physi-
cal volume of total production; but it also reinforces the

previous observation that production indexes (ignoring their

intrinsic ambiguity, which, indeed, we must do if we are to

use them at all) are likely to have a downward growth bias-

all the more so, paradoxically enough, if they are ably con-

is See F. C. Mills, Economic Tendencies, cited above, pp. 42, 200, and

309. The indexes given by Mills were spliced to form a continuous series

on a common base. For the purpose of the present comparison, the Day-
Persons and Mills indexes were confined to census years. The average annual
rates of growth of the several indexes were determined in each case by fitting
a 'least squares' line to the logarithms of the indexes, the figures of the
index series being weighted by 5 for the census years through 1919 and by
2 for the census years thereafter.
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structed. The Day-Persons and the Warren-Pearson indexes

are the only long-range indexes of the physical volume of

'total
1

production meriting our attention; even though the

former is confined to crops, mining, and manufactures;

while the latter covers basic production only, the branches of

raw material production being covered more thoroughly
than in the Day-Persons index, but manufactures being ex-

cluded except insofar as they round out the record of 'raw*

production and furnish weights for the raw material com-

ponents of the index. The Day-Persons index shows an aver-

age annual rate of growth of 3.7 per cent during 1870-1930,
and the Warren-Pearson index a rate of 3.8 per cent; these

figures compare with an average annual rate of growth in

population of 1.9 per cent. But the indexes probably under-

state the average rate of advance in the physical volume of

total production, even if production be considered in the

narrow sense of transformation. The increase of total physi-

cal production has almost certainly been greaterquite pos-

sibly, a good deal greater.

The moving factors in the rapid increase of total physical

production have been technical knowledge, abundance of

natural resources, and the industrial intelligence of the

population. These factors are interrelated and the efficacy

of each has been increased by the progressive improvement
in the state of national well-being. If the ambition, sturdi-

ness, and enterprise of the American population have tended

to promote rapid industrial advance, it is well to remember

that the abundance of natural resources has been important
in causing such qualities to be bred in the population and

in attracting the more venturesome from foreign lands. The
economic significance of our generous store of natural re-

sources has been extended by advances in science and tech-

nology. Their progress in turn has been stimulated by the

richness of the natural resources awaiting exploitation, the
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eagerness of an enterprising people to exploit them, and the

improving state of general well-being. And the fundamental

forces making for industrial advance have worked themselves

out cumulatively through the stimulation coming from some

of their effects, such as a population growing in numbers and

improving in industrial quality, increasing use of machinery
and mechanical power, increasing size of industrial units,

and improving technique of industrial and business manage-
ment.

When we adopt an historical view, we can take consider-

able satisfaction in the pace at which we have travelled: for

the enrichment of the material side of our national life has

proceeded at a rather rapid rate. But when we take a norma-

tive view, and compare the production of today with the

consumption that would be required by even modest stand-

ards of comfort and decent living, our quantity of produc-
tion appears seriously inadequate.

17 It is undoubtedly true

that a decrease in the inequality of incomes would go some

distance towards improving the welfare of the masses, even

if production did not rise above the level of the past decade;

and it is probable that a modified system of distribution

would result in a more efficient use of our existing produc-
tive resources, that it would increase the material product of

industry and therefore the general level of real incomes.

However, for some time to come, increase in the physical

volume of production through improvements in industrial

technique will continue to be the road along which the

greatest advances in the material improvement of mankind

are to be won.

III. CHANGE IN THE RATE OF INDUSTRIAL
GROWTH

The average rates of industrial growth, indicated by the

IT Some pertinent data are presented in P. H. Douglas' Wages and the

Family (University of Chicago Press, 1925), Chs. MI.
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ensemble of indexes reviewed in the preceding section, tes-

tify to the remarkable progress of the American economy

during the period investigated; but these averages conceal

the variability in the rates of secular advance of both the

group and total indexes. Actually, the indications are that

while the rate of secular advance in the physical volume of

total production has been more nearly uniform than the

rates of advance of the generality of individual industries, it

has still been decidedly inconstant. Several measures of the

inconstancy in the rates of advance of the various continuous

production indexes are presented in Table 42;
18 but these

measures may reflect chiefly the inconstancy in the rates of

increase of the indexes, rather than of the underlying quan-
tities which the indexes purport to measure. Better evidence

of inconstancy is afforded by the analysis of Chapter V; for,

the considerable synchronism in the undulatory movements

of the production trends of numerous individual industries

means that the rate of advance in the trend of total physical

production has, in all likelihood, also been variable. The

instability of the rates of advance of the major industrial

groups and of total production, as indicated by various index

numbers, is depicted in Charts 11 and 12.

Though the evidence is fairly conclusive that the rate of

advance in the secular trend of total physical production in

the United States has been variable, it is practically impos-
sible to ascertain from such data as are now available whether

or not that variability has expressed itself in the form of a

persistent drift over time. Several investigators have, indeed,

attempted to demonstrate on the basis of certain production
indexes that the rate of material progress has been abating

during the past half-century or longer. Attempts have also

i 8 Concerning the computation of the measure of continuity of growth,

range of decade rates, and standard deviation of decade rates, see p. 74;

the measure of continuity of retardation, p. 103; and the measure of trend-

cycle amplitude, p. 226,
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Table 42

MEASURES OF INCONSTANCY OF GROWTH, FOR INDEXES

OF PRODUCTION
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been made to demonstrate on the basis of other production
indexes that the trend of total physical production has in-

creased at a constant percentage rate, and this notion has

gained wide currency. It is only natural that students con-

cerned with the question of drift in the rate of increase in

the physical volume of total production should employ to

the full whatever apparatus they command. But production
indexes are very crude instruments and must be used cau-

tiously if fictive results are to be avoided.

Our study in Chapter IV of retardation in the growth of

individual industries does not, despite its rather extensive

industrial coverage, offer any clue to the problem of whether

or not the physical volume of our total production has been

growing at a declining rate. The pervasiveness of retardation

in individual industries does not mean that the rate of prog-
ress of total physical production has been slackening; it re-

flects simply the vigorous growth of the economy, retardation

in individual industries being a consequence of the pressure
of progressive forces. Even if the stream of aggregate produc-
tion consisted of a fixed number of industrial components,

declining percentage rates of growth in all of the individual

industries would still be mathematically consistent with an

increase in the percentage rate of growth of aggregate pro-

duction. Certainly, therefore, the aggregate production of an

economy experiencing continual accessions of new indus-

tries may, if the new industries be of sufficient scope and

their inception properly timed, be growing at a constant or

increasing rate, even though both old and new industries

experience retardation throughout their history.

The technique which has been used to determine the ex-

tent of retardation in the individual production series may
be carried over to the production indexes.19 Table 43 gives

average rates of retardation of the indexes whose average

19 See Ch. IV, sec. I, and p. 105, note 10.
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Table 43

RATES OF RETARDATION SHOWN BY POPULATION

AND INDEXES OF PRODUCTION

Average
Period rate of

Index covered retardation

by index (per cent

per decade)

POPULATION 1870-1930 -O.2

CROPS

Day-Persons 1870-1930 -0.8

Snyder 1870-1930 -0.8

Timoshenko 1870-1927 -0.9

Warren-Pearson 1870-1930 -0.8

FISHERIES

Fish, total 1880-1929 -o.i

FORESTRY

Lumber 1869-1929 -0.9

MINING

Day-Persons 1870-1930 -i .o

Snyder 1870-1930 -0.9

Warren-Pearson 1870-1930 -0.3

MANUFACTURES

Day-Persons 1870-1930 -0.5

CONSTRUCTION

Building permits 1874-1929 -0.9

TRADE

Deflated clearings 1870-1929 -0.3

Railway freight 1882-1929 -i .4

Snyder 1870-1930 -0.8

TOTAL PRODUCTION

Day-Persons 1870-1930 -0.5

Warren-Pearson 1 870-1930 -0.6

rates of advance were presented in a preceding table. All

indexes, those for the various industrial groups as well as
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those for total production, show retardation. However, the

evidence of the indexes must be appraised in the light of

what we know concerning their constitution. Some aid may
also be obtained, though not very much, from our study of

retardation in individual industries.

It is possible to speak with moderate assurance of the

several major divisions of the raw materials category. For-

estry has certainly grown at a declining rate, its apex having
been reached about a quarter of a century ago. It is, also,

virtually certain that the mining industry has experienced
retardation. It has already been brought out that the Day-
Persons index covers a very considerable portion of total

mineral production, and that its relative area of inclusion

has been fairly constant over the period. These facts coupled
with the rather sharp rate of retardation of the index imply
almost necessarily that the physical volume of total mineral

production has grown at a declining rate. The fairly mod-

erate rate of retardation of the Warren-Pearson index of

mineral production in no sense affects this conclusion, for

the coverage of this index extends beyond mining. As for

crop production, the several indexes of crops (with the pos-

sible exception of the Warren-Pearson index) account for a

declining percentage of all crop production; but, even as late

as 1929, Snyder's index accounted for 72 per cent of the farm

value of all crops,
ao and the Day-Persons and Warren-Pearson

indexes for a somewhat higher percentage. These facts

coupled with the fairly high rates of retardation of the crop
indexes make it highly probable that the physical volume of

total crop production has increased at a declining percentage
rate. The case of animal husbandry is more uncertain, as is

the case of total agricultural production. Total meat and

lard production, as estimated by the Department of Agri-

20 This estimate is based on figures of farm value of crop production,

given in Crops and Markets, September, 1931, p. 402.
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culture for the period since 1900, shows very slight retarda-

tion for this period; while Dr. Baker's preliminary index of

'animal products', which includes milk and other items in

addition to meats, does not show any retardation at all for

the period which it covers, 1897 to date. However, these two

series show only mild annual rates of advance,21
1.2 and 1.6

per cent respectively; and, if the general numerical indica-

tions of our series of wool production, hog slaughter, cattle

slaughter, and sheep slaughter are at all reliable, it seems

likely that the rate of increase of animal products was higher

during the closing quarter of the past century, so that the

rate of increase has tended, on the average, to decline. If it

be true that crop production and .animal products have grown
at declining percentage rates, then, it is probably true that

the physical volume of total agricultural production has also

grown at a declining rate; for, when one of two components
of an aggregate is consistently the more important (in this

case crops) and the declining rates of growth of the two are

fairly similar, it is virtually certain that the aggregate will

also grow at a declining percentage rate. There are reason-

able grounds, then, for believing that each of the several

major divisions of raw material production, with the possible

exception of the fisheries, has experienced, on the average,

abatement in its rate of growth since 1870.

Greater doubts must attach to any generalization one

might make for other major divisions of industry. The Day-
Persons index of manufactures shows a retardation of -0.5

per cent per decade; but the coverage of this index is all

too meagre to warrant the generalization that there has

been a downward drift in the rate of growth of the aggre-

gate of manufactures. Mills' 'census* index of manufactures

has a more extensive coverage for the period which it covers;

but it covers too short a period, especially in view of its

21 See p. 265, note 12.
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discontinuity, to give a reliable indication of change in the

rate of growth of the physical volume of manufactures.28

While it is fairly probable that the Day-Persons index exag-

gerates the retardation which has taken place in the aggre-

gate of manufactures, there is no way of telling whether or

not there has actually been any retardation at all. In the

case of other major industrial divisions, our statistical ma-

terials are even more imperfect. The indexes of construction

and trade do not serve to reveal satisfactorily even those

rates of growth which may be accepted as statements of the

lower limits of actual progress; they are all too insensitive,

therefore, to reveal whether or not there has been any
retardation. As for transportation, the rapid growth of cer-

tain new transport media such as the telephone, wireless,

automobile, airplane, and pipeline precludes any extra-

polation of the characteristics of the trend of the railway

industry, for which alone index numbers are available,
28 to

the aggregate volume of transportation. When we pass to

other major divisions of industry, we enter what is even

more a statistical 'no man's land'.

It should be evident from this survey of industrial groups
that only indefinite conclusions are possible concerning the

drift in the rate of growth of the physical volume of total

production in this country since the Civil War. But it is

worth noting that even if we were equipped with exact

measurements of the drift in the rates of growth of the

various industrial groups, we could not pass at once from

such data to a generalization concerning total physical pro-

duction; for the rate of retardation of an aggregate may
differ even in sign from the rates of retardation of each of

its components especially when the components grow at

22 See pp. 267-8, and p. 117, note 16.

23 An index of railway transportation for 1890-1919 is presented by
Stewart, in his "An Index Number of Production," American Economic Re-

view, March, 1921.
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widely unequal rates, which is true of the various industrial

groups.
24

So, if we wish to discover what the drift in the

rate of growth of total physical production has been, we

must turn to the most reliable measurements we have of

changes in the physical volume of total production. The two

indexes of total production given in Table 43 show rates

of retardation of -0.5 and -0.6 per cent per decade.

It is impossible to state a priori whether or not the various

factors listed in the first section of this chapter as tending
to cause a downward growth bias in a 'typical' index of total

physical production tend also to exaggerate the retardation

of the Day-Persons and Warren-Pearson indexes;
25 but some

statistical evidence may be cited which suggests that these

indexes do overstate the retardation-, while practically no

evidence can be cited to the contrary^The Warren-Pearson

index of 'all minerals and water power' differs from the Day-
Persons index of 'minerals' chiefly in taking greater account

of relatively new industries and in including secondary pro-

duction of metals;
26 and this difference in composition is

expressed in a very much lower rate of retardation in the

Warren-Pearson index of 'all minerals and water power'.
Two of Snyder's indexes of total production, known respec-

tively as the '49 series' and '87 series' indexes,
27

though not

2* The Day-Persons index of total production and Snyder's '49 series'

index of total production throw some statistical light on this mathematical

point. Table 43 shows that while the Day-Persons indexes of crops, mining,
and manufactures have rates of retardation of -0.8, -i.o, and -0.5 per cent

per decade, respectively, the Day-Persons index of total production has a

rate of retardation of only -0.5 per cent (however, if carried out to an addi-

tional place, the rate of retardation of the index of manufactures is -0.48

per cent, and of total production -0.54 per cent). Snyder's '49 series' index

(see p. 200, note 21) affords a more striking instance: while most of its

component series evidence fairly marked retardation, the index proper has

a retardation of only -o.i per cent.

25 See pp. 99-100, note 4.
26

Electricity from water power, aluminum, natural-gas gasoline, and sec-

ondary metals have a combined weight of 26.4 per cent in the Warren-
Pearson index; see p. 266, note 14.

27 See p. 200, note 21, and p. 260,
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covered in Table 43, are also of interest in the present con-

nection. While the '49 series' index, which is based on a

fixed list of series, shows retardation, the '87 series' index,

which is based on a variable and increasing number of series,

shows acceleration.28 Such statistical knowledge as we have

suggests, therefore, that since the Day-Persons and Warren-

Pearson indexes of total production take insufficient account

of new industries, they probably overstate the degree of

retardation in the physical volume of total production.
Our evidence is slender, however, and all that it permits

is this indefinite conclusion: if there has been any decline

in the rate of growth in the total physical production of this

country, its extent has probably been slight, and it is even

mildly probable that the rate of growth may have been in-

creasing somewhat. This indefinite conclusion is unsatisfac-

tory, but it is as much as the exiguous statistical basis war-

rants: to profess definiteness would be to ignore or to misread

such data as we have. The available evidence simply does

not admit of an exact answer to the primary scientific ques-

tion of this chapterviz., whether there has been any striking

regularity in the secular trend of the physical volume of total

production.

However, our conclusion concerning the drift in the rate

of growth of total physical production should be read in the

light of further data. First, we know definitely that popula-
tion has grown at a declining percentage rate; it follows,

therefore, that if total physical production has experienced
retardation, the production per capita has experienced re-

tardation at a lower rate, and that if the rate of retardation

of total physical production has been less than that of popu-
lation, the production per capita has been growing at an

increasing percentage rate. Second, if we assume that the

28 The '49 series' index shows a retardation of -o.i per cent, the '87 series'

index an acceleration of 0.2 per cent. See p. 203, note 24.
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percentage rates of retardation shown by the Day-Persons or

the Warren-Pearson indexes of total physical production are

substantially accurate, it is still true that each of these in-

dexes, and for that matter, all other similar indexes, show an

increase, on the average, in the absolute year-by-year incre-

ments to the national production aggregate. It goes without

saying that the drift in the percentage rate of increase of total

physical production per capita is of greater social significance

than the drift in the percentage rate of increase of total

physical production as such; and though the drift in relative

increments to the aggregate of physical production is prob-

ably of somewhat greater social significance than the drift in

the absolute increments, the latter must not be ignored.

Thus, while it may be true that the percentage rate of growth
in our total physical production has been declining, that

does not mean necessarily that our 'economic welfare
1

even

if we should view the physical volume of production as the

sole factor in economic welfare has been growing at a 'de-

clining rate'.

These arithmetic considerations are very pertinent on the

assumption that the percentage rate of increase in the physi-

cal volume of total production has been declining somewhat;

though this is, and probably will remain for the period in-

vestigated, an assumption whose implications are worth con-

sidering, but an assumption and no more. Irrespective of

what the exact facts may be, our data suffice to show that

there has not been any marked drift in the rate of growth of

total physical production during the period since the Civil

War; this is of considerable importance, for, as the period

advanced, natural factors making for industrial progress be-

came less important and human factors more important.
29

Our data also suffice to show that, while the secular trend of

2 See E. Durand, American Industry and Commerce (Ginn and Company,
1930), Chs. I-V.
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the physical volume of total production has escaped but a

portion of the undulations in the secular trends of individual

industries, the primary trend of the physical volume of total

production has definitely escaped the sharp retardation in

the primary trends of most individual industries.





Appendix A

SUPPORTING STATISTICAL DATA
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Appendix B

SOURCES OF PRODUCTION DATA

The issuing authority for several of the more familiar statistical hand-
books is not stated, or else not stated fully, in the descriptive notes that

follow on various of the individual series. The yearbook of Agriculture,

published under slightly varying titles, is issued by the Department of Agri-
culture. Merchant Marine Statistics is a publication of the Bureau of Navi-

gation. The Annual Report on the Statistics of Railways in the United States

(referred to below as Statistics of Railways) is a publication of the Interstate

Commerce Commission. Mineral Resources of the United States (referred to

below as Mineral Resources) was published by the Geological Survey through

1923, but has been published by the Bureau of Mines since then. The Statis-

tical Abstract of the United States (referred to below as the Statistical Ab-

stract) is now published by the Bureau of Foreign and Domestic Commerce,
but was published by the Bureau of Statistics of the Department of Com-
merce and Labor from 1903 to 1911, and by the Bureau of Statistics of the

Treasury Department in earlier years. The Annual Statistical Report on the

iron and steel trade, now published by the American Iron and Steel Institute,

was published prior to 1912 by the American Iron and Steel Association.

I. CONTINUOUS SERIES
The series covered in this section of the Appendix are those listed in Table

i and tabulated in Table 44. Where page references are not given, the data

are scattered through successive issues of the indicated source. Unless other-

wise stated, the data refer to calendar years.

The following general statement will hold for the sources of all the series

on net imports, except when otherwise stated below. These series are based

on publications of the Bureau of Statistics of the Treasury Department, for

the period January 1869 to June 1903; of the Bureau of Statistics of the De-

partment of Commerce and Labor, for the period July 1903 to June 1912;

and of the Bureau of Foreign and Domestic Commerce, for the period since

July 1912. The titles of the publications are as follows: Monthly Report of

the Chief of Bureau of Statistics, January 1869 to June 1875; Summary State-

ment of Imports and Exports, July 1875 to December 1894; Finance, Com-
merce and Navigation, January to December 1895; Monthly Summary of

326
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Finance and Commerce, January 1896 to June 1898; Monthly Summary of

Commerce and Finance, July 1898 to June 1914; Monthly Summary of Foreign

Commerce, July 1914 on.

1. Barley
SOURCE: Yearbook of Agriculture, 1927, pp. 799-800; ibid., 1932,

p. 630.

COMMENTS: Production. The figures used (including those for census

years) are estimates of the Crop Reporting Board of the Department
of Agriculture.

2. Beet sugar
SOURCE: Yearbook of Agriculture, 1923, p. 845; ibid., 1932, p. 676.

COMMENTS: Production, chiefly refined. Figures are for years begin-

ning July i. See Yearbook, 1923, p. 845, note.

3. Buckwheat

SOURCE: Yearbook of Agriculture, 1927, pp. 825-6; ibid., 1932, p. 654.

COMMENTS: Production. See (i).

\. Cane sugar
SOURCE: Yearbook of Agriculture, 1923, p. 845; ibid., 1932, p. 676.

COMMENTS: Production (chiefly raw) of Louisiana and other states.

Figures are for years beginning July i. See Yearbook, 1923, p. 845,

note.

5. Corn

SOURCE: Yearbook of Agriculture, 1927, pp. 774-5; ibid., 1933, p. 431.

COMMENTS: Production. The figures relate to the grain equivalent
on entire acreage. See (i).

6. Cotton

SOURCE: Cotton Production and Distribution, 1928-29 (Bureau of the

Census, Bulletin 166), pp. 57-8; Bulletin 167, p. 9.

COMMENTS: Production or commercial crop, including linters. Figures
are expressed in units of 500-pound bales (gross weight). See Bulletin

166, p. 57.

7- Hay
SOURCE: Yearbook of Agriculture, 1927, p. 927; ibid., 1933, p. 575.

COMMENTS: Production, tame. See (i).
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8. Molasses and sirup

SOURCE: Statistical Abstract, 1904, p. 354; ibid., volumes through 1917;

Yearbook of Agriculture, volumes for 1919-32.

COMMENTS: Production of Louisiana cane molasses and United States

sugar-cane sirup. Figures are estimates of Crop Reporting Board, for

1918-30.

9. Oats

SOURCE: Yearbook of Agriculture, 1927, pp. 788-9; ibid., 1932, p. 620.

COMMENTS: Production. See (i).

10. Potatoes

SOURCE: Yearbook of Agriculture, 1927, p. 881; ibid., 1932, p. 728.

COMMENTS: Production, excluding sweet potatoes. See (i).

11. Rice

SOURCE: Rice Crop of the United States, i^^-i^rr (Department of

Agriculture, Bureau of Statistics, Circular No. 34), pp. 9-10; Year-

book of Agriculture, 1927, p. 819; ibid., 1932, p. 648.

COMMENTS: Production or marketed production, rough. Estimates of

Crop Reporting Board since 1904. Concerning earlier data, see Cir-

cular No. 34, pp. 3-4-

12. Rye
SOURCE: Yearbook of Agriculture, 1927, pp. 764-5; ibid., 1932, p. 599.

COMMENTS: Production. See (i).

13. Tobacco, raw

SOURCE: Yearbook of Agriculture, 1927, pp. 969-70; ibid., 1933, p. 497-

COMMENTS: Production. See (i).

14. Wheat
SOURCE: "Wheat Acreage and Production in the United States since

1866" (Food Research Institute, Wheat Studies, Vol. II, No. 7), pp.

260-1; Yearbook of Agriculture, 1933, pp. 403-4.

COMMENTS: Production. The figures since 1910 (including those for

census years) are estimates of the Crop Reporting Board. The figures

for earlier years are estimates of the Food Research Institute; see

Wheat Studies, Vol. II, No. 7.
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15. Wool
SOURCE: Yearbook of Agriculture, 1923, pp. 1001-2; ibid., 1932, p. 811.

COMMENTS: Production, shorn and pulled. See Yearbook, 1923, p. 1002,

note to Table 546; and ibid., 1932, p. 811, note to Table 365.

16. Raisins

SOURCE: California Cooperative Crop Reporting Service, California

Crop Report, 1928, p. 40. The figure for 1929 was furnished by the

California Cooperative Crop Reporting Service.

COMMENTS: California production. The series includes production
from raisin varieties of grapes, plus dried grapes from wine or table

varieties. See Crop Report, 1928, pp. 39-40.

17. Flaxseed

SOURCE: Statistical Abstract, 1904, p. 391; Yearbook of Agriculture,

1927, p. 809; ibid., 1933, p. 456.

COMMENTS: Production or commercial crop. The figures since 1902

(including those for census years) are estimates of production, by the

Crop Reporting Board. The figures for earlier yeais, except for census

years, are estimates of the commercial crop, by the Department of

Agriculture.

18. Cattle

SOURCE: Yearbook of Agriculture, 1933, p. 596. Figures for 1880-1906
were furnished by Mr. C. L. Harlan, Livestock Statistician in the

Department of Agriculture, prior to their publication.

COMMENTS: Number of animals slaughtered under federal inspection,
since 1907. Estimated equivalent of federal slaughter, for earlier

years. See Appendix C, I.

19. Hogs
SOURCE: Yearbook of Agriculture, 1933, p. 605. See (18).

COMMENTS: See (18).

20. Sheep
SOURCE: Yearbook of Agriculture, 1933, p. 616. Sec (18).

COMMENTS: See (18).

21. Cod and mackerel

SOURCE: Merchant Marine Statistics, 1930, pp. 26-7.

COMMENTS: Figures represent the gross tonnage of vessels licensed for



330 PRODUCTION TRENDS
the cod and mackerel fisheries and outstanding (i.e. then in exis-

tence) on June 30 of year given. "A gross ton is the capacity of the

spaces within the frames or ceiling of the hull of a vessel and of the

closed-in spaces above deck available for cargo, stores, passengers, or

crew, with certain exemptions, expressed in tons of 100 cubic feet."

See Appendix C, I and III; and Merchant Marine Statistics, 1930,

p. 25, note i.

22. Whale
SOURCE: See (21).

COMMENTS: Tonnage of vessels licensed for whaling. See (21); and

Appendix C, I and III.

23. Fish, total

SOURCE: Figures were obtained from the Department of Commerce,
Bureau of Fisheries.

COMMENTS: Yield of all the fisheries, in pounds. The data are esti-

mates based on intermittent statistical canvasses by regions. See

Appendix C, III.

24. Anthracite coal

SOURCE: Mineral Resources, 1918, Part II, pp. 710-1; ibid., 1929,

Part II, p. 701.

COMMENTS: Pennsylvania production. See Mineral Resources, 1929,

Part II, pp. 690-3.

25. Bituminous coal

SOURCE: See (24).

COMMENTS: Production, including lignite. See (24).

26. Coal, total

SOURCE: See (24).

COMMENTS: Total of anthracite and bituminous. See (24) and (25).

27. Copper
SOURCE: Mineral Resources, 1929, Part I, p. 535.

COMMENTS: Smelter production from domestic ores. The series does

not include secondary copper. See Appendix C, I; Mineral Resources,

1929, Part I, pp. 535-6; and Summarized Data of Copper Production

(Bureau of Mines, Economic Paper i), Table 26.
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28. Gold

SOURCE: Annual Report of the Director of the Mint, 1910, p. 99; ibid.,

1919, p. 65; ibid., 1930, p. 38.

COMMENTS: Production of United States, including dependencies.
See Annual Report, 1930, pp. 27, 38; and Mineral Resources, 1929,

Part I, pp. 884-5.

29. Lead, domestic

SOURCE: Summarized Data of Lead Production (Bureau of Mines,

Economic Paper 5), p. 13, for 1870-85; ibid., p. 14, figures headed

'from domestic ores and base bullion', for 1886-1927; Mineral Re-

sources, 1929, Part I, p. 234, for 1928-29.

COMMENTS: Production of pig lead, from domestic ores and base

bullion. The series does not include secondary lead, pigments made

directly from ore, and primary lead accounted for in antimonial

lead. See Appendix C, I.

30. Mercury
SOURCE: Mineral Resources, 1919, Part I, p. 152; ibid., 1928, Part I,

p. 264; ibid., 1929, Part I, p. A62.

COMMENTS: Production. Data have been converted to a uniform 75-

pound flask basis. It is assumed that the 1904 figure (see Mineral

Resources, 1919, Part I, p. 152) is expressed in 75-pound flasks.

31. Petroleum

SOURCE: Mineral Resources, 1929, Part II, p. 470.

COMMENTS: Production, crude. Data are expressed in barrels of 42

U. S. gallons. See Mineral Resources, 1918, Part II, p. 971.

32. Phosphate rock

SOURCE: Mineral Resources, 1892, p. 782; ibid., 1915, Part I, p. 31 a;

ibid., 1915, Part II, p. 228; ibid., 1925, Part II, p. 148; ibid., 1929,

Part II, p. 342.

COMMENTS: Marketed production (tonnage sold or used by pro-

ducers). For the period 1870-80, South Carolina production represents
total national production. The figures for the period 1870-85 are for

years ending May 31. See Mineral Resources, 1915, Part II, pp. 228-9.

33. Silver

SOURCE: See (28).

COMMENTS: See
(28).
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34. Zinc

SOURCE: Summarized Data of Zinc Production (Bureau of Mines,

Economic Paper 2), p. 19; Mineral Resources, 1929, Part I, p. 675.

COMMENTS: Smelter production from domestic and foreign ores. The
series does not include secondary zinc, zinc dust, and zinc produced
in the forms of oxide and sulphide. See Appendix C, I; Economic

Paper 2, pp. 1-2, and Table 15; and Mineral Resources, 1929, Part

I, pp. 677-8.

35. Asphalt
SOURCE: Mineral Resources, 1915, Part I, p. $ia; ibid., 1918, Part II,

p. 452; ibid., 1926, Part II, p. 52; ibid., 1929, Part II, p. 524.

COMMENTS: Production (sold at mines) of native asphalt and related

bitumens. See Mineral Resources, 1915, Part II, pp. 135-7.

36. Cement, total

SOURCE: Mineral Resources, 1924, Part II, pp. 358-9; ibid., 1929, Part

II, p. 391-

COMMENTS: Total of Portland and non-Portland cements. See (40)

and (41); and Appendix C, I.

37. Fluorspar
SOURCE: Mineral Resources, 1925, Part II, pp. 13-4; ibid., 1929, Part

II, p. 5.

COMMENTS: Production, mined or shipped. See Mineral Resources,

1918, Part II, p. 320; and ibid., 1925, Part II, pp. 9-14.

38. Gypsum
SOURCE: Mineral Resources, 1915, Part II, p. 151; ibid., 1924, Part II,

p. 232; ibid., 1929, Part II, p. 106.

COMMENTS: Production, crude.

39. Iron ore

SOURCE: Mineral Resources, 1915, Part I, p. 286; ibid., 1929, Part I,

P- 9-

COMMENTS: Production, total for all classes. See Mineral Resources,

1915, Part I, pp. 285-6; and ibid., 1929, Part I, p. 6.

40. Non-Portland cements

SOURCE: See (36).
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COMMENTS: Includes natural, puzzolan, and masonry cements. The

figures are for production to 1911, shipments 1912-24, production

1925-29. The unit 'barrel' is inconstant: see Mineral Resources,

Part H, P- 19- See ibid., pp. 192-3.

41. Portland cement

SOURCE: See (36).

COMMENTS: Production. The unit 'barrel' is equivalent to 360 pounds
net. See Mineral Resources, 1915, Part II, pp. 192-3.

42. Pyrites
SOURCE: Mineral Resources, 1901, p. 838; ibid., 1902, pp. 935, 939;

ibid., 1903, p. 1074; ibid., 1915, Part I, pp. 313-433; ibid., 1925, Part

II, p. 390; ibid., 1929, Part II, p. 188.

COMMENTS: Production, exclusive of by-product pyrites. Figures for

1901-03 were obtained directly or indirectly from data in sources

cited. See Mineral Resources, 1929, Part II, p. 188.

43. Salt

SOURCE: Mineral Resources, 1915, Part I, pp. 313-523; ibid., 1925,

Part II, p. 93; ibid., 1929, Part II, p. 147.

COMMENTS: Production (sold or used by producers). Includes manu-
factured sslt, ssit in brine, snd rock S3lt. The unit 'bsrrel' is equivs-
lent to 280 pounds. See Mineral Resources, 1915, Part II, p. 266.

44. Sulphur
SOURCE: Mineral Resources, 1902, p. 935; ibid., 1915, Psrt I, pp.

313-433; ibid., 1924, P3rt II, p. 2; ibid., 1929, P3rt II, p. 176. Figures
for 1902 and 1903 were furnished by the Bureau of Mines.

COMMENTS: Production. The figures for 1902 and 1903 are based on
the books of the sulphur companies, to which the government was

given access in 1917.

45. Natural gas

SOURCE: Mineral Resources, 1929, Part II, p. 322, for 1906-29. The

figures for earlier years were obtained from Mr. F. G. Tryon, who
has prepared them in connection with a study, sponsored by the

Brookings Institution, of the energy supply of the country.

COMMENTS: Produced and delivered to consumers. Data prior to 1906
3re described by Mr. Tryon 3S estinrates calculated "from contem-

porary estimates of the quantity of coal displaced by gas or of the

value of the gas sold."
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46. Cocoa imports
SOURCE: Figures for 1870-71 were furnished by the Bureau of Foreign
and Domestic Commerce. Concerning the later figures, see the in-

troductory notes to this Appendix, sec. I.

COMMENTS: Net imports (general imports minus foreign exports) of

crude cocoa.

47. Coffee imports
SOURCE: See the introductory notes to this Appendix, sec. I.

COMMENTS: Net imports (general imports minus foreign exports).

48. Cotton consumption
SOURCE: Cotton Production and Distribution, 1928-29 (Bureau of the

Census, Bulletin 166), pp. 57-8; Bulletin 167, pp. 9, 31, 57.

COMMENTS: Consumption of cotton and linters. The figures are ex-

pressed in units of 5OO-pound bales (gross weight), and relate to

the 12 months during which the crop of the specified year was chiefly

marketed. See Bulletin 166, p. 57.

49. Distilled spirits

SOURCE: Annual Report of the Commissioner of Internal Revenue,

1901, pp. 428-9; Bureau of Prohibition, Statistics Concerning Intoxi-

cating Liquors, 1930, p. 3.

COMMENTS: Production, total for all classes. The figures are for years

ending June 30. See Appendix C, II.

50. Fermented liquors

SOURCE: Annual Report of the Commissioner of Internal Revenue,

1880, p. Ixxxix; ibid., 1901, pp. 440-3; Bureau of Prohibition, Statis-

tics Concerning Intoxicating Liquors, 1930, p. 52.

COMMENTS: Production, total. The unit 'barrel* contains 31 gallons.

Figures are for years ending June 30. See Intoxicating Liquors, p. 52.

51. Jute imports
SOURCE: Figures for 1870-90 were furnished by the Bureau of Foreign
and Domestic Commerce. Concerning the later figures, see the intro-

ductory notes to this Appendix, sec. I.

COMMENTS: The figures for 1891-1929 are for net imports (general

imports minus foreign exports) of jute and jute butts. The figures

for 1870-90 are for imports entered for consumption during years
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ending June 30. For 1870-83, small quantities of sunn hemp are

included.

52. Lead consumption
SOURCE: W. R. Ingalls, Lead and Zinc in the United States (Hill

Publishing Co., 1908), p. 205, for 1870-93; Mineral Resources, for

later years.

COMMENTS: Prior to 1894, the figures ignore stocks completely. For

later years, producers' stocks are taken into account, but not com-

pletely, while consumers' stocks are ignored. Secondary lead is ex-

cluded. See Ingalls, p. 204; Mineral Resources, 1907, Part I, pp.

655-6; ibid., 1914, Part I, pp. 820-1; and ibid., 1929, Part I, p, 259.

53. Lead, total

SOURCE: See (29), for 1870-85 and 1928-29; Summarized Data of Lead

Production (Bureau of Mines, Economic Paper 5), p. 14, for 1886-

1927.

COMMENTS: Production of pig lead, from both domestic and foreign
ores and base bullion. See (29).

54. Manila hemp imports
SOURCE: See (51).

COMMENTS: The figures for 1891-1929 are for net imports (general

imports minus foreign exports) of Manila hemp. The figures foi

1870-90 are for imports entered for consumption, include India

hemp, and refer to years ending June 30.

55. Minor fiber imports
SOURCE: See (51).

COMMENTS: Total net imports of jute, Manila hemp, and sisal. See

(50> (54). and (61).

56. Pig iron

SOURCE: American Iron and Steel Institute, Annual Statistical Report,

1929, pp. 10-1.

COMMENTS: Production, including ferro-alloys. See Statistical Report,

1929. P- 3-

57. Rails

SOURCE: American Iron and Steel Institute, Annual Statistical Report

(Supplement), 1894, p. 15; ibid., 1914, p. 47; ibid., 1929, p. 44.
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COMMENTS: Total production of iron and steel rails. Rerolled rails,

and 'girder* and 'high T' rails, are included.

58. Raw sugar consumption
SOURCE: Yearbook of Agriculture, 1923, pp. 845-6; ibid., 1932, pp.

676, 680.

COMMENTS: Production of cane sugar plus 'imports' from foreign

countries and from insular possessions. Figures are for years ending

June 30. See (4); Appendix C, III; Yearbook, 1923, notes to Table

360; and ibid., 1932, notes to Table 157.

59. Rubber imports
SOURCE: See the introductory notes to this Appendix, sec. I.

COMMENTS: Net imports (general imports minus foreign exports) of

India rubber. Imports of rubber scrap are excluded. For some years

gums other than India rubber are included. See Marketing of Crude

Rubber (Department of Commerce, Trade Promotion Series, No.

55) P- 176-

60. Silk imports, raw

SOURCE: See the introductory notes to this Appendix, sec. I.

COMMENTS: Net imports (general imports minus foreign exports) of

raw silk. Waste, cocoons, silk worms, and eggs of silk worms are ex-

cluded. See (86).

61. Sisal imports
SOURCE: See (51).

COMMENTS: The figures for 1891-1929 are for net imports (general

imports minus foreign exports). The figures for 1870-90 are for

imports entered for consumption during years ending June 30.

62. Steel

SOURCE: American Iron and Steel Institute, Annual Statistical Report

(Supplement), 1894, p. 10; ibid., 1929, p. 25.

COMMENTS: Production of ingots and castings.

63. Superphosphate
SOURCE: K. D. Jacob and W. A. Shelton, "Development of Produc-

tion of Superphosphate in the United States," Proceedings of the

National Fertilizer Association, 1929-30, pp. 146-8.

COMMENTS: Production, estimates. For the period 1870-85 figures are

for years ending May 31. See Proceedings, 1929-30, pp. 145-55.
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64. Tin imports
SOURCE: Concerning the figures on imports, see the introductory notes

to this Appendix, sec. I. The figures on smelter production are from

Mineral Resources, 1925, Part I, p. 67.

COMMENTS: The figures for 1870-1915 are for net imports (general

imports minus foreign exports) of metallic tin. The figures for

1916-24 are for general imports of metallic tin, plus domestic smelter

output of tin, minus foreign and domestic exports of metallic tin.

The figures for 1925-29 are for general imports of metallic tin, plus
tin content of imported ore, minus foreign and domestic exports of

metallic tin.

65. Vessels

SOURCE: Merchant Marine Statistics, 1930, pp. 35-7.

COMMENTS: Gross tonnage of vessels built in the United States and

documented during the years given. The figures are for years ending

June 30. See (21).

66. Wool consumption
SOURCE: Yearbook of Agriculture, 1923, pp. 1001-2; ibid., 1932, p. 811.

COMMENTS: Apparent consumption of all wool, stocks not taken

into account. See (15).

67. Antimonial lead

SOURCE: Mineral Resources, 1914, Part I, p. 806; ibid., 1919, Part I,

p. 318; ibid., 1929, Part I, p. 238.

COMMENTS: Production from domestic and foreign ore. See Mineral

Resources, 1919, Part I, p. 318.

68. Tin-plate consumption
SOURCE: American Iron and Steel Institute, Annual Statistical Report,

1911, pp. 91, 96; ibid., 1918, p. 54; ibid., 1929, p. 59.

COMMENTS: The series includes both tin-plate and terne-plate. For

1871-99, figures are for production plus imports; for later years, pro-
duction plus imports minus exports. See Statistical Report, 1911, p.

69. Tobacco and snuff

SOURCE: Annual Reports of the Commissioner of Internal Revenue.

COMMENTS: Total production, manufactured. For 1871-79, figures are

for years ending June 30.
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70. Cottonseed cake and meal

SOURCE: Yearbook of Agriculture, 1902, p. 815; Cotton Production and

Distribution, 1929-30 (Bureau of the Census, Bulletin 167), pp. 72-3.

COMMENTS: Production. Figures are for years ending July 31. See Bul-

letin 167, pp. 62, 72.

71. Cottonseed oil

SOURCE: See (70).

COMMENTS: Production, crude. See (70).

72. Nails

SOURCE: American Iron and Steel Institute, Annual Statistical Report,

1896, p. 73; ibid., 1914, p. 64; ibid., 1929, p. 61.

COMMENTS: Production, wire nails and cut nails. Figures for wire

nails begin in 1886. Unit 'keg' includes 100 pounds. See Statistical

Report, 1929, p. 61.

73. Zinc consumption
SOURCE: W. R. Ingalls, Lead and Zinc in the United States (Hill

Publishing Co., 1908), p. 337, for 1873-94; Mineral Resources, for

later years.

COMMENTS: Prior to 1895, the figures ignore stocks completely. In

later years, smelter stocks are taken into account, but not consumers'

stocks. Secondary zinc is excluded. See Ingalls, pp. 337-8; Mineral

Resources, 1929, Part I, p. 721; and ibid., 1914, Part I, pp. 908-9.

74. Flaxseed consumption
SOURCE: See (17), for production. For net imports, see Statistical

Abstract, 1904, p. 391; Yearbook of Agriculture, 1927, p. 809. Figures
on net imports for 1927-29 were obtained from the Department of

Agriculture.

COMMENTS: Production plus net imports. Net imports include linseed

oil in terms of seed. Figures are for years beginning July i. See (17);

Appendix C, II; and Yearbook, 1927, p. 809.

75. Roofing slate

SOURCE: Mineral Resources, 1913, Part II, p. 74; ibid., 1915, Part II,

p. 19; ibid., 1918, Part II, p. 267; ibid., 1922, Part II, p. 167; ibid.,

1929, Part II, p. 165.

COMMENTS: Sold by producers. Unit 'square* means 100 square feet.

No figure is recorded for 1890 (see, however, Mineral Resources,
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1891, p. 472). See Slate Deposits and Slate Industry in the United

States (U. S. Geological Survey, Bulletin No. 275), pp. 125-6; and
Mineral Resources, 1929, Part II, pp. 165-6.

76. Cigarettes

SOURCE: See (69).

COMMENTS: Production, number. Includes all 'cigarettes', and 'cigars'

weighing not more than 3 pounds per 1000.

77. Cigars
SOURCE: See (69).

COMMENTS: Production, number. Excludes 'cigars' weighing not more
than 3 pounds per 1000.

78. Coke
SOURCE: Mineral Resources, 1929, Part II, p. 582.

COMMENTS: Production, beehive and by-product. See Mineral Re-

sources, 1929, Part II, p. 578.

79. Flour

SOURCE: "Statistics of American Wheat Milling and Flour Disposition
since 1879" (Food Research Institute, Wheat Studies, Vol. IV, No.

2), p. 101; ibid., Vol. IX, No. 3, p. 130.

COMMENTS: Production of wheat flour. Unit 'barrel' is equivalent to

196 pounds. Figures are for crop years ending June. See Wheat

Studies, Vol. IV, No. 2.

80. Gold consumption
SOURCE: Annual Report of the Director of the Mint. 1919, p. 67;

ibid., 1930, p. 39.

COMMENTS: Gold (old and new) furnished for use in manufactures

and the arts. Figures have been converted from dollars to fine ounces

troy (i fine ounce = $20.6718). See Annual Report, 1929, pp. 116-36.

81. Locomotives

SOURCE: Railroad Gazette, Jan. 6, 1888, p. 10; ibid., Jan. 3, 1890, p. 8;

ibid., Jan. 4, 1895, p. 8; ibid., Dec. 25, 1896, p. 898; Railway Age,

Jan. 3, 1931, p. 84.

COMMENTS: Production, number. From 1905 on, Canadian output is

included. Prior to 1912, locomotives built in railroad repair shops
are excluded. See Appendix C, I.
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82. Silver consumption

SOURCE: Annual Report of the Director of the Mint, 1919, p. 68;

ibid., 1930, p. 40.

COMMENTS: Silver (old and new) furnished for use in manufactures

and the arts.

83. Tobacco consumption
SOURCE: Figures for 1919-29, 4nnual Report of the Commissioner of

Internal Revenue, 1929, p. 140; ibid., 1930, p. 156. Figures for 1880-

1918 were furnished by the Commissioner of Internal Revenue.

COMMENTS: Unstemmed equivalent of all kinds of tobacco used in

the manufacture of cigars, cigarettes, and tobacco and snuff.

84. Aluminum
SOURCE: Mineral Resources, 1914, Part I, p. 191, for 1883-1903; Ameri-

can Metal Market, Metal Statistics, 1931, p. 439, for 1904-09; Hearings
on the Aluminum Company of America before the Committee on the

Judiciary (United States Senate, 6gth Congress, First Session), p. 140,

for 1910-14; Metal Statistics, 1931, p. 439, for 1915-18; Hearings, p.

140, for 1919-23; Mineral Resources, 1929, Part I, p. 493, for 1924-29.

COMMENTS: Production. Secondary aluminum is excluded. Estimates

for many years. See Metal Statistics, 1931, p. 439; and Hearings, p. 140.

85. Copper consumption
SOURCE: Mineral Industry (ed. by R. P. Rothwell), Vols. II-IX, for

1883-99; Mineral Resources, for later years.

COMMENTS: Refiners' stocks are taken into account, but not consumers'

stocks. Secondary copper is excluded. See Mineral Resources, 1919, pp.

600-1; and ibid., 1929, Part I, p. 579.

86. Silk imports, unmanufactured

SOURCE: See the introductory notes to this Appendix, sec. I.

COMMENTS: Net imports (general imports minus foreign exports) of

all types of unmanufactured silk. Spun silk is not included. See (60);

and Appendix C, II.

87. White lead

SOURCE: Mineral Resources, 1904, p. 1115; ibid., later volumes.

COMMENTS: Production ('dry' plus 'in oil
1

).
See Mineral Resource*,

1929, Part I, p. 508.
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88. Canned corn

SOURCE: Vegetable Statistics (Department of Agriculture, Statistical

Bulletin No. 22), p. 67; Yearbook of Agriculture, 1932, p. 711.

COMMENTS: Production. Unit 'case' consists of 24 No. 2 cans. See Vege-

table Statistics, p. 67; and Yearbook, 1932, p. 711.

89. Canned tomatoes

SOURCE: Vegetable Statistics (Department of Agriculture, Statistical

Bulletin No. 22), p. 67; Yearbook of Agriculture, 1932, p. 740.

COMMENTS: Production. Unit 'case* consists of 24 No. 3 cans. See Vege-

table Statistics, p. 67; and Yearbook, 1932, p. 740.

90. Rolled iron and steel

SOURCE: American Iron and Steel Institute, Annual Statistical Report,

1929, pp. 37-8, for 1887-1929. For 1885-86, estimates were furnished

by Mr. Howard H. Cook, Secretary of the American Iron and Steel

Institute.

COMMENTS: Tonnage of all rolled products of iron and steel.

91. Rail consumption
SOURCE: See (57).

COMMENTS: Production plus imports minus exports, since 1874. Pro-

duction plus imports, for prior years.

92. Building permits

SOURCE: C. Snyder, Business Cycles and Business Measurements (Mac-

millan, 1927), p. 275, for 1882-1925. Figures for other years were

furnished by Mr. Snyder.

COMMENTS: Index of building permits in i to 7 cities (7 since 1895), the

figures of building permits being deflated by an index of changes in

costs of construction. No figure for 1879. See Appendix C, III; and
Federal Reserve Bank of New York, Monthly Review, January i, 1925,

pp. 6-7.

93. Coastal trade

SOURCE: See (21).

COMMENTS: Gross tonnage of vessels licensed for domestic commerce
and outstanding on June 30. See (21); and Appendix C, II-III.
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94. N. Y. canals traffic

SOURCE: State of New York Department of Public Works, Annual Re-

port of the Superintendent, 1930, pp. 34-6.

COMMENTS: Tonnage moved on all canals. See Annual Report, 1922,

p. 7; and ibid., 1930, p. 28.

95. Postage stamps
SOURCE: Annual Reports of the Postmaster General.

COMMENTS: Revenue derived from sale of postage stamps, postal cards,

stamped envelopes; and from first-, second-, third-, and fourth-class

mail matter dispatched under permit without stamps. Does not in-

clude 'second-class postage paid in money* (which covers postage paid
at pound rates on copies of publications entered as second-class mat-

ter). Figures are for years ending June 30. See Appendix C, II-III; and

Post Office Department, Postage Rates, 1789-1930.

96. Postal money orders

SOURCE: Annual Report of the Postmaster General, 1930, p. 149.

COMMENTS: Number of money orders issued. Domestic money orders,

plus international money orders (data for latter lacking for 1870-71),

plus postal notes (issued from Sept. 3, 1883 to July i, 1894: see Annual

Report, 1893, p. 77; and ibid., 1895, p. 138). Figures are for years end-

ing June 30.

97. Railway ton-miles

SOURCE: C. Snyder, Business Cycles and Business Measurements (Mac-

millan, 1927), p. 238, for years through 1882. Poor's Manual of Rail-

roads, 1895, p. xvi, for 1883-89. For later years, Statistics of Railways,

1926, p. ci; and ibid., 1929, p. Ixxxiii.

COMMENTS: Revenue tons carried one mile. Figures for 1883-1916 are

for years ending June 30* Concerning Snyder's estimates, see his Busi-

ness Cycles, p. 39; and Appendix C, III. Concerning the figures of

Interstate Commerce Commission, see Statistics of Railways, 1926, p.

xcviii.

98. S. S. Marie canals traffic

SOURCE: Statistical Report of Lake Commerce Passing Through Canals

at Sault Ste. Marie, 1929, p. 19.

COMMENTS: Tonnage of total freight moved. See Statistical Report, pp.

1-2. On the average, less than 10 per cent of the tonnage is Canadian

in origin; see ibid,, p, 11.
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99. Railway passenger-miles
SOURCE: Poor's Manual of Railroads, 1893, p. vi, for 1882-89. For later

years, Statistics of Railways, 1926, p. ci; and ibid., 1929, p. Ixxxiii.

COMMENTS: Passengers carried one mile. Figures for 1882-1916 are for

years ending June 30. Concerning the figures of the Interstate Com-
merce Commission, see Statistics of Railways, 1926, p. xcviii.

100. Agricultural exports
SOURCE: Department of Agriculture, Foreign Crops and Markets, Dec.

14, 1925, pp. 903-4; ibid., Oct. 13, 1930, p. 522.

COMMENTS: An index of the physical volume of total agricultural ex-

ports, the base period being the 5 years ending June 30, 1914. The

figures are for years beginning July i. See Foreign Crops and Markets,

December 14, 1925, pp. 900-4.

101. Deflated clearings

SOURCE: These data were obtained from Mr. C. Snyder.

COMMENTS: Monthly averages of bank clearings outside New York

City (bank debits in 140 cities outside New York, from 1919 to date),

adjusted by an index of the general price level. These figures have

been converted to percentages of the 1913 datum. See Appendix C, III.

102. Tonnage entered and cleared

SOURCE: Merchant Marine Statistics, 1930, pp. 79-80.

COMMENTS: Net registered tonnage of American and foreign vessels

entered and cleared in the foreign trade of the United States. The
tons "represent net tons of 100 cubic feet internal carrying capacity,

after deducting space for crew and engines." See Appendix C, I-III.

103. Shares traded

SOURCE: National Monetary Commission, Statistics for the United

States, Vol. 21, p. 9, for 1875-99; New York Stock Exchange, Year Book,

1929-30, p. 144, for later years.

COMMENTS: Number of shares of stock traded. See Appendix C, II;

Year Book, 1929-30, p. 144; and J. E. Meeker, Measuring the Stock

Market (pamphlet by New York Stock Exchange), sec. III.

104. Railway freight

SOURCE: Poor's Manual of Railroads, 1891, p. xiii, for 1882-89. For

later years, Statistics of Railways, 1926, p. ci; and ibid., 1929, p. Ixxxiii.

COMMENTS: Total revenue tons. The figures include duplications of
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tonnage, since a shipment moving over the lines of several railroads is

reported by each carrier participating in the shipment; see Appendix
C, I. Figures for 1882-1916 are for years ending June 30. Concerning
the figures of the Interstate Commerce Commission, see Statistics

of Railways, 1926, p. xcviii.

II. DISCONTINUOUS SERIES

The discontinuous series are those marked with an asterisk in Tables 22,

24, and 25. The raw data for this group of series are not presented in this

monograph.
Most of the data for the discontinuous series were obtained from reports

of the Bureau of the Census. Unless otherwise stated, the data relate to

'production
1

. The following notes state the sources of the data in only those

instances where the data have not been obtained from census reports. Also,

the descriptive notes are limited to series having outstanding peculiarities.

Boards paper

Boots and shoes

Broad silks

Broom corn

Burning oils

Butter

Common brick

Condensed and evap-
orated milk

Cotton, woven goods

Face brick

The figures were furnished by the Forest Service

of the Department of Agriculture.

Does not include rubber boots and shoes.

Includes broad silks (pure and mixed), velvets,

plushes, upholstery, and tapestry. The unit is the

linear yard through 1919, and the square yard be-

ginning with 1921. (In the latter year the total

expressed in linear yards is almost exactly the same

as that in square yards.)

Yearbook of Agriculture, for data beginning with

Includes fuel oils and illuminating oils.

Includes both farm and factory output.

The figures for 1895 through 1918, except for census

years, are from Mineral Resources.

Includes butter-milk.

Does not include fabrics of less than 12 inches in

width, beginning with 1899.

The figures for 1889, 1899, and 1904 were combined
with those for 'fancy or ornamental' brick. The fig-

ures for 1913 and 1915-18 are from Mineral Re-

sources. See Appendix C, II.
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Fertilizers

Fine paper

Gloves and mittens,

knit

Hay loaders

Hops

Hosiery

Light petroleum
distillates

Lumber

Lumber consumption

Maple sugar

Newsprint and book

paper

Snyder's index of

trade

The figure for 1869 was obtained from Proceedings

of the National Fertilizer Association, 1929-30, p.

H5-

See 'boards paper*.

Includes the output of the knit-goods industry

only (that is, the output of manufacturers engaged
in knitting gloves and mittens, but not the output
of those who manufacture gloves and mittens from

purchased knit fabrics).

See Appendix C, II.

Hop Crop of the United States, 1790-1911 (De-

partment of Agriculture, Bureau of Statistics, Cir-

cular 35), for data through 1910; Yearbook of

Agriculture, for data since 1911.

Does not include infants', athletic, and golf hose.

Includes gasoline, naphtha, benzine, tops, other

light products of distillation, and', beginning with

1914, natural-gas gasoline. The figures on natural-

gas gasoline are from Mineral Resources.

Figures include the production of custom mills, but

are restricted to sawed lumber. The data were ob-

tained from A National Plan for American For-

estry (72d Congress, Senate Document No. 12), pp.

247-8-

See 'lumber'.

Includes also the sugar content of maple sirup.

Yearbook of Agriculture, for data beginning with

See 'boards paper'.

This index for quinquennial dates is an arithmetic

mean of 3 to 4 of the middle link relatives of a

varying number of series. Figures were furnished by
Mr. Snyder. For a brief description, see Proceedings

of the Academy of Political Science, January, 1930,

pp. 21-2.
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Structural shapes

Sulphuric acid

Sweet potatoes

Wood pulp

Wrapping paper

Zinc oxide
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American Iron and Steel Institute, Annual Statisti-

cal Report, for data beginning with 1892.

The figures are in terms of 50 Baum strength;

the figure for 1879 being an estimate based on the

total tonnage of sulphuric acid in 1879, 1889, and

1899, and the tonnage reduced to uniform strength

(50) in 1889 and 1899.

Yearbook of Agriculture, for data beginning with

1899.

American Forests and Forest Products (Department
of Agriculture, Statistical Bulletin No. 21), for

years through 1926.

See 'boards paper*.

Mineral Resources.
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NOTES ON MEASURES FOR
PRODUCTION SERIES

The following notes bear on the defects of various production series, from

the standpoint of certain of the analyses to which they are subjected in this

study. The notes supplement the text sections indicated below.

I. AVERAGE RATES OF GROWTH

(Chapter III, section I, /)

It is possible to present quantitative evidence of the inexactness of the

average rates of advance shown by certain of the production series. In some

cases the evidence indicates definitely the existence of a growth bias.

Cattle, Hogs, and Sheep. The series 'cattle' and 'sheep* have an upward
giowth bias arising from the increasing tendency to bring these animals to

slaughter at a younger age, which has meant a declining average weight

per animal. During 1907-29, the number of federally inspected cattle slaugh-

tered increased at an annual rate of 1.2 per cent, while the dressed weight
of the slaughter increased at a rate of only 0.9 per cent; the number of

federally inspected sheep slaughtered increased at a rate of 0.4 per cent, but

the mutton and lamb yield of the slaughter at a rate of o.o per cent. On
the other hand, while the number of federally inspected hogs slaughtered
increased at a rate of 2.1 per cent, the pork and lard yield increased at a

rate of 2.7 per cent. The several series of animals slaughtered have an up-
ward growth bias arising also from the increasing relative importance of

federally inspected slaughter. During 1907-29, the dressed yield of the federal

slaughter of cattle increased at a rate of 0.9 per cent, but total slaughter at

o.i per cent; the dressed yield of the federal slaughter of hogs increased at

a rate of 2.7 per cent, but the total slaughter at 2.2 per cent. However, there

is no discrepancy in the case of sheep during this period. The above calcula-

tions are based on data of the Department of Agriculture, given in Statistics

of Meat Production, Consumption and Foreign Trade of the United States,

1900-1930 (mimeographed).

Cod and mackerel. The series 'cod and mackerel', which runs in terms of

347
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the vessel tonnage documented for these fisheries, undoubtedly overstates

their decline. Fairly complete data on the catch of the American mackerel

fleet are available continuously by years, beginning with 1905; see Fishery
Industries of the United States, 1929 (Bureau of Fisheries, Document No.

1O95) P' 856. Also, continuous annual data for tne period 1893-1926 are

available for the eastern cod catch which has been dominant in the cod

industry; see O. E. Sette, Statistics of the Catch of Cod Off the East Coast

of North America to 1926 (Bureau of Fisheries, Document No. 1034), pp.

743-4. A composite of the above two series shows an average annual rate

of decline of o.i per cent for 1905-26, while the series 'cod and mackerel*

shows a rate of decline of 2.9 per cent. The discrepancy cannot, however, be

so large for the earlier years; for, though the mackerel catch has been on

the increase over the past twenty years, the current catch is still low in

comparison with the early 'eighties. (See O. E. Sette, Outlook for the Mack-

erel Fishery in 1931, Bureau of Fisheries, Circular No. 4, p. 4.) The eastern

cod series shows a rate of decline of 1.6 per cent for 1893-1926, and the

series 'cod and mackerel' a rate of decline of 2.3 per cent.

Whale. This series, which runs in terms of the vessel tonnage documented

for the whalery, may be compared with data on whalebone production (an

important product of whaling during much of the period considered); see

Whalebone: Its Production and Distribution (Bureau of Fisheries, Document
No. 626), p. 7. During 1870-1906, whalebone production shows a decline at

an annual rate of 2.7 per cent, and the 'whale' series at a rate of 5.3 per cent.

Copper, Zinc, and Lead, domestic. These series relate to some metallurgical

stage, not to mine output. Official estimates of mine output are available

since 1907 only; see Bureau of Mines, Mineral Resources. In the period 1907-

29, the mine output of copper increased at an annual rate of 2.3 per cent,

zinc at 4.1 per cent, and lead at 2.6 per cent. For the same period, the

series 'copper* shows a rate of increase of 2.5 per cent, 'zinc' 3.7 per cent,

and 'lead, domestic* 3.0 per cent.

Cement, total. The rate of growth of total cement production is understated

somewhat by the series 'cement, total', which is expressed in barrel units.

Since the poundage per barrel is greater for Portland than for other cements,

and the proportion of Portland to other cements rose sharply during the

'eighties and 'nineties, the series 'cement, total* overstates the output in the

early years relative to that of later years. Thoroughly consistent totals of

cement output are unattainable: first, because of the inconstant weight of

barrels of cement other than Portland; second, in recent years natural and

puzzolan cements have not been distinguished in the statistical reports, so

that it is impossible even to assign average weights to the different cements

for purposes of estimation. If we reduce the cement figures for early years
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to a poundage basis (by taking a barrel of Portland cement as equivalent
to 380 pounds, natural cement 265 pounds, and puzzolan cement 330 pounds),
we find that the annual rate of increase of total cement production was 11.0

per cent during 1890-1900 and 20.5 per cent during 1895-1905, while our

series shows rates of 8.7 per cent and 17.0 per cent, respectively. These rates

apply to the indicated calendar periods, and are not the same as our 'decade

rates' (see Ch. II, sec. II, 2).

Locomotives. This series has a sharp downward giowth bias (see, however,

Appendix B, I), since it is expressed in terms of the number of units of

output, taking no account of their quality. Some indication of the trend in

quality is afforded by data, available back to 1903, on the average tractive

effort of the steam locomotives of Class I railways; see the Annual Reports
on the Statistics of Railways in the United Statesf by the Interstate Commerce
Commission. During 1903-29 the average tractive effort of locomotives in-

creased at an aveiage annual rate of 2.7 per cent, while the number of

locomotives manufactured declined at a rate of 4.6 per cent.

Tonnage entered and cleared. The evidence concerning the physical volume

of foreign trade, yielded by this series, may be checked against other indi-

cators. For the period 1879-1916, quantity indexes of exports and imports
have been constructed by T. J. Kreps; see his "Import and Export Prices

in the United States and the Terms of International Trade, 1880-1914,"

Quarterly Journal of Economics, August, 1926. His 'median* and 'aggregative*

indexes show average annual rates of increase of 3.1 and 2.5 per cent respec-

tively during 1879-1916 in the case of exports, and 4.0 and 3.6 per cent in

the case of imports. In the same period, 'tonnage entered and cleared* in-

creased at a rate of 3.8 per cent. For more recent years a check is available

in the indexes of physical volume of exports and imports, published in the

Commerce Yearbook. According to the indexes with 1923-25 as base, exports
increased at a rate of 3.0 and imports at 4.7 per cent during 1919-29. An
index of physical volume of foreign trade may be constructed by allocating

weights to the indexes of exports and imports proportionate to the aggregate
value of exports and imports during 1919-29; such an index shows a rate of

increase of 3.7 per cent during 1919-29. In the same period, 'tonnage entered

and cleared* increased at a rate of 4.4 per cent.

Railway freight. This series relates to 'total revenue tons', and may be

checked for the period since 1899 by data on 'revenue tons originated', which

are free from duplications. (See Statistics of Railways.) During 1899-1929
both series show average rates of increase of 2.8 per cent.

II. AVERAGE RATES OF RETARDATION

(Chapter IV, section II)

Although accderative series do not have a monopoly on statistical defects,
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they seem, as a group, to be more heavily weighted with defects than the

others. In any case, those accelerative series whose accuracy is doubtful or

whose form is ambiguous are noted here specifically. But it is rarely possible

to state definitely whether the defects in the data are of a kind to induce

acceleration (see pp. 99-100, note 4).

Distilled spirits. This series probably covers more fully the production of

late than of early years: 'whiskey frauds' tended to decline, and this may
account partly for the acceleration noted.

Flaxseed consumption. The figures for flaxseed consumption are not alto-

gether satisfactory, especially for years prior to 1902, since the figures of

flaxseed production are estimates based to a considerable extent on data of

receipts at primary markets
(it should be noted, however, that flaxseed pro-

duction does show retardation).

Silk imports, unmanufactured. Since this series does not include spun silk,

it is defective as an indicator of the quantity of silk worked up by the silk

industry. Very small quantities of spun silk were imported during the early

and late decades of the period covered, but rather considerable quantities

during the middle decades. When spun silk is added to unmanufactured

silk, the aggregate does not show any acceleration. (It may appear irom

Table 24 that the two series of silk imports the scries of raw silk imports
is the less inclusive give inconsistent results, but this is not the case when

they are compared for the same period: raw silk imports also show a slight

acceleration for the period 1883-1929.)

Coastal trade. This series does not refer directly to the physical volume of

traffic; it simply measures the tonnage capacity of ships documented for the

coastal traffic.

Postage stamps. The significance of this series is vitiated to some extent by

changes in postal rates. Concerning the adequacy of 'postage stamps' as a

measure of one branch of the communications industry, see this Appendix,
sec. III. ('Postage stamps' is indubitably a poorer indicator of the progress

of general trade than 'deflated clearings' or 'Snyder's index of trade' see

p. 11, note 5.)

Tonnage entered and cleared. This series measures the tonnage capacity of

ships entered and cleared in the foreign trade; it therefore represents in-

completely and very indirectly the physical volume of foreign trade. It must

also be borne in mind that the series 'tonnage entered and cleared', being

symptomatic of the total volume of foreign trade, has a very general indus-

trial reference, and is more comparable in economic dimension with the
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volume of production of groups of industries than with the production of

'individual' industries. Of course, the same thing holds for the indicators of

'general trade' deflated clearings, postage stamps, and so on. See Ch. VI,

sec. III.

Shares traded. This series has a strong upward growth bias arising mainly
from the increasing tendency towards 'split-ups* (using the term broadly
to include stock dividends not paid out of accumulated earnings) of shares.

Moreover, its measure of retardation is influenced to an excessive degree by
the stock-market experience of the latter half of the last decade, as may be

seen from the fact that for the period 1875-1925, the series shows an accelera-

tion of only 0.4 per cent.

Face brick. As for the production of face brick, the census figures used for

the years 1889, 1899, and 1904 may be inaccurate. The figures for these years

were obtained by adding the production of 'fancy or ornamental brick' to

the production of 'face brick', the reason being that "the best grade of 'face'

or 'front* brick appears to have been classified as 'fancy or ornamental'

brick" in these years (the quotation is a statement from the Census Bureau).

However, so far as the observed acceleration is concerned, the tremendous

expansion of production during the past decade is more important than any
inaccuracies in early data (see pp. 155-6).

Hay loaders. The data on the production of hay loaders in some of the

early years appear inaccurate (see Twelfth Census of the United States,

Vol. X, pp. 351-2). Even if the data are accurate, the annual fluctuations in

output are so large as to reduce very considerably the significance of a

measure of retardation based on discontinuous data. Then again, the data

show very marked retardation for the period since 1889.

HI. TREND-CYCLE PATTERNS

(Chapter V, section 111)

The defects in the production series bear unequally on the measurements

of trend-cycles. The existence of a bias in growth, in retardation, or in both,

is likely to exercise little influence on the trend-cycle pattern of a series.

But when a series measures production indirectly, its trend-cycle pattern may
depart considerably from that of the production volumes which it is taken

to represent. When a series is spliced, its trend-cycle pattern may depart from

that of the process represented, during the period centering about the date

of the splicing. In all cases, other things being equal, the smaller the ampli-
tude of the trend-cycles of a series, the larger are the errors in its trend-

cycle pattern likely to be. Statistical defects in the data may, of course,

influence the conformity of the series to the standard trend-cycle pattern for
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better or worse; but certain of the defects which are likely to influence the

trend-cycle patterns of the series for the worse are sufficiently obtrusive to

be noted specifically.

Cod and mackerel, and Whale. These two series relate to the volume of

equipment available at yearly dates for use in certain 'fisheries'. The indirect-

ness of the series, and the relatively low trend-cycle amplitude of the first,

cast doubt on the fitness of these series to trace out accurately the trend-

cycle patterns of the outputs of the respective 'fisheries'.

Fish, total. This series is based on very extensive interpolations, which serve

to dampen the trend-cycle amplitude and may also distort the trend-cycle

pattern. The actual trend-cycle amplitude of the series is low, and this casts

further doubt on the reliability of its trend-cycle pattern.

Raw sugar consumption. This is a calculated series; and it has a very low

trend-cycle amplitude. The data are 'defective* to the extent that the do-

mestically produced cane sugar and imported sugar are not 'raw'; and to

the extent that there is lack of synchronism between domestic production
and imports, on the one hand, and sugar refining, on the other. In view of

the low trend-cycle amplitude of the series, these errors may be sufficiently

large to produce a discrepancy to some extent between the trend-cycle pattern
of this series and that of sugar refining (other than that of domestic beet

sugar).

Building permits. It will be seen from Chart 18 that the trend-cycles of

'building permits' differ at several points from the general movement of other

series relating to construction. This is prima facie evidence that the series

is inexact, which is not surprising in view of its varying and very limited

coverage.

Coastal trade. This series expresses the volume of equipment available at

yearly dates for use in one branch of transportation. The indirectness of

the series, considering its relatively low trend-cycle amplitude, may make its

trend-cycle pattern unrepresentative to some extent of that of coastal water

transportation.

Postage stamps. This series reflects abrupt changes in postal rates and in

the activities of the postal service. (See, however, C. J. Bullock and others,

"Postal Revenues and the Business Cycle," Review of Economic Statistics,

May, 1931, pp. 47-51.) Considering the low trend-cycle amplitude of the

series, the changes in postal rates cast doubt on the capacity of the series

to trace out accurately the trend-cycle pattern in the volume of postal

service; and considering further the abrupt accessions of new postal func-
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tions, on the capacity of the series to trace out accurately the trend-cycle

pattern in the volume of 'communications' through letters, printed matter,

and parcels.

Railway ton-miles. The non-conformity of 'railway ton-miles' (Chart 19) be-

tween the central decade years 1875 and 1880 may be due, in part, to

inaccuracies of data, which are estimates for years prior to 1883. See, how-

ever, p. 225; the conformity, for the corresponding period, of rail produc-
tion and rail consumption (Chart 18) should also be noted, but it is difficult

to evaluate its significance.

Deflated clearings. It is reasonable to expect that 'deflated clearings* (Chart

19) should conform perfectly to the standard trend-cycle pattern. Except for

the movement between the central decade years 1890 and 1895, this series

does conform very closely to the standard pattern. There are some grounds
for believing that 'deflated clearings' represent the physical volume of trade

somewhat less satisfactorily in early than in recent decades: (i) checks have

come to be of increasing importance in the making of payments, (2) the

figures on clearings in early years may be distorted to some extent by the

continual addition of new clearing centers, as data for them become avail-

able, (3) the price deflator is probably more accurate for recent decades.

Tonnage entered and cleared. This series expresses in units of capacity the

actual use of vessels engaged in foreign trade. The indirectness of the series

and its relatively low trend-cycle amplitude combine to cast doubt on the

adequacy of its representation of the trend-cycle pattern of the volume of

foreign trade.
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